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The spatio-temporal dynamics of epigaeic predators and insect pests  
in different oilseed rape management systems 
Introduction 
 
In 2002, the EU-project MASTER – MAnagement STrategies for European oilseed Rape 
pests – started in six countries in northern Europe. In the UK, Germany, Sweden, Finland, 
Poland and Estonia investigations were carried out to find economically-viable and 
environmentally less harmful Integrated Pest Management (IPM) Strategies for oilseed rape. 
Aim of the project was to address knowledge gaps for the first time and to identify the key 
parasitoid, predator and pathogen species of the oilseed rape pests and to determine the 
factors affecting their abundance, phenology and distribution. Oilseed rape is an important 
crop in European agriculture, having gained importance particularly in the late 20th century 
(BUNTING, 1986). Seed from oilseed rape is crushed to extract the oil, which is used for 
culinary purposes, for fuel and as a lubricant, especially in the food-processing industry. The 
seed-cake is used for cattle fodder.  
In northern Europe, oilseed rape is attacked by various insect pests (ALFORD et al., 2003), 
many of which are of considerable economic importance. The following pests are considered 
of particular significance on oilseed rape crops in Europe, although not in all regions: 
- cabbage stem flea beetle – Psylliodes chrysocephala 
- brassica pod midge – Dasineura brassicae 
- pollen beetle – Meligethes spp. (especially M. aeneus) 
- cabbage seed weevil – Ceutorhynchus assimilis 
- cabbage stem weevil – Ceutorhynchus pallidactylus 
- rape stem weevil – Ceutorhynchus napi 
The management of these pests still mainly relies on chemical pesticides. These are often 
applied routinely and prophylactically, often without regard to pest incidence. At best the 
pesticides are used according to threshold values of the pest population. This leads to over-use 
of pesticides which reduces the economic competitiveness of the crop and threatens biological 
diversity. The pesticides kill the naturally-occurring antagonists of the pests, which would 
otherwise be a resource of great potential benefit to the farmer. Historically, pesticides have 
provided a reliable approach to pest and disease control in arable crops (WALTERS et al., 
2003). The most used group of insecticides on oilseed rape in Europe are pyrethroids. Recent 
reports indicate that pollen beetles have developed resistance to pyrethroids and can no longer 
be controlled successfully by this group of pesticides (HANSEN, 2003; DECOIN et al., 2005; 
NILSSON et al., 2003). The occurrence of resistance to pesticides within pest populations has 
often been answered by developing new classes of pesticides or by improving management 
techniques like the establishment of effective pest assessment methods, optimal timing of 
pesticide applications (WALTERS et al., 2003) and the development of computer decision-
support models (HARDWICK, 1998; MORGAN et al., 2000). The need to reduce the reliance on 
chemical solutions for pest control has lead to the investigation of biological pest 
management methods. Classical biological control techniques were originally used in 
greenhouse-grown crops. The transfer of these methods to field-grown crops is difficult: 
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Owing to the costs involved, it is currently uneconomic to artificially introduce biocontrol 
agents (BCAs) to field-grown crops (WALTERS et al., 2003). Biocontrol strategies in arable 
crops focus on preserving and enhancing the occurrence of naturally-occurring predators of 
the pest populations. In 1997, the International Organisation for Biological and Integrated 
Control of Noxious Animals and Plants (IOBC) published Guidelines for Integrated 
Production of Arable Crops in Europe (BOLLER et al., 1997). These advocated the use of 
biological, bio-technical, physical and agronomic methods rather than chemical methods of 
plant protection. The only options for oilseed rape were the establishment of flowering border 
strips to deter pests and attract natural enemies of the pests and the use of economic 
thresholds to determine the need to apply insecticides. The MASTER-project aimed at the 
evidence that naturally-occurring agents of biocontrol like parasitoids, predators and 
pathogens that attack the oilseed rape pests can provide economically-viable control of some 
pests and reduce the need for insecticides. 
Oilseed rape pests are attacked by a wide range of naturally-occurring enemies, many of 
which help to reduce the pest populations (ALFORD et al., 2003). Unlike certain parasitoids 
they do not specifically target oilseed rape pests, but tend to be opportunist feeders that attack 
a wide range of prey. Ground beetles and rove beetles (Coleoptera: Carabidae and 
Staphylinidae) as well as spiders (Arachnida: Araneae) are the main epigaeic predators in 
oilseed rape (BÜCHS & ALFORD, 2003). The oilseed rape pest larvae drop from the rape 
canopy to the soil for pupation; there they are easily available for the epigaeic predators. 
Predators are often abundant in oilseed rape fields and their potential for exerting pest control 
is considerable. However, unlike certain parasitoids, they do not specifically target oilseed 
rape pests. Carabidae, Staphylinidae and Araneae are feeders that attack a wide range of prey; 
nevertheless, fully grown oilseed rape pest larvae are likely to feature as important 
components of their diet (BÜCHS & ALFORD, 2003). 
It was assumed that epigaeic predators can be supported in their occurrence by suitable 
cultivation techniques and that their role in pest control can be enhanced. Whereas some 
publications give evidence of carabids as antagonists of insect pests in cereals (BASEDOW, 
1973; SUNDERLAND & VICKERMANN, 1980; GRIFFITHS, 1982; CHAMBERS et al., 1983; 
SCHELLER, 1984; POEHLING et al., 1985; CHIVERTON, 1988; EKBOM et al., 1993) with 
particular emphasis on their impact on cereal aphids, but there are very few publications on 
predator-prey relationships in oilseed rape. Aim of this study was to determine the factors 
affecting the predators’ abundance, phenology and distribution and to investigate the 
predator-prey relationship in oilseed rape. 
This study reveals the results from the field trials of the MASTER-project in Braunschweig-
Wendhausen, Germany. An Integrated Crop Management (ICM) system with reduced tillage 
and without insecticide sprays and a ploughed standardised management (STN) system with 
insecticide treatments after economic pest thresholds were compared with regard to the 
infestation of the crop with the insect pests and the occurrence of epigaeic predators. During 
the project, two additional subsystems were installed and included in the investigations: an 
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ICM-subsystem with insecticide treatments and a STN-subsystem with insecticide sprays 
irrespective of pest thresholds. The spatial and temporal distribution both of predators and 
pests in the oilseed rape were examined and compared with each other. In agroecosystems, 
knowledge of spatial and temporal dynamics can lead to improvements in the design of 
integrated pest control and facilitate adoption of precision agriculture (BRENNER et al., 1998). 
The spatio-temporal distributions of oilseed rape pests and predators were therefore compared 
and tested for association. To describe the spatial distribution the SADIE- (Spatial Analysis 
by Distance IndicEs) technique was used, which can detect and measure the degree of spatial 
pattern in spatially-referenced count data (PERRY, 1998a & b; PERRY et al., 1999). 
In the first chapter, the infestation of the crop with the different pests, the emergence of the 
new pest generations and the activity density of the epigaeic predators in the different 
management systems are reported. Details of the temporal coincidence between pest larval 
dropping and the activity density of the carabids, staphylinids and spiders in the different 
oilseed rape management systems are given. The emergence of the predators and the pests in 
the following crop winter wheat is described. 
In the second chapter, the spatial distribution of pest larvae and epigaeic predators and the 
temporal coincidence between the larval dropping and the activity density of the predators are 
illustrated. Aim of this part of the MASTER-project was to identify for the first time key 
predator species of the different oilseed rape pests. 
During the experiments of the MASTER-project, a high dropping of Staphylinidae larvae 
from the oilseed rape canopy has been recorded. These larvae are possible antagonists of the 
pollen beetle larvae in the oilseed rape flower stands. In the third chapter of this study, for the 
first time the larval dropping of Meligethes spp. and the spatio-temporal relationship with the 
dropping of the rove beetle larvae in the different oilseed rape management systems are 
described. 
In the fourth chapter, the effects of the different oilseed rape management systems on the web 
density of the linyphiid spiders, which build their webs on the soil surface, and of the spider 
Theridion impressum, whose webs can be found in the oilseed rape flower stands and on the 
pods, are reported. The influence of the different management systems on the temporal 
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1. Comparison of different winter oilseed rape management 
systems regarding the infestation of the crop with insect pests and 




During recent years there has been increasing public concern about the effects of modern 
agricultural practises on the environment. Many farmers acknowledge the need to make 
efficient use of the main inputs like pesticides, fertilizers, seeds and energy that are required 
to improve the economic viability of the crop. Their aim is to create a long-term sustainable 
farming system, which will also remain profitable and bring environmental benefits. These 
aims are included in the concept of Integrated Crop Management (ICM). There is great 
interest in developing biocontrol approaches in arable crops such as oilseed rape (ALFORD, 
1998). However, currently it is uneconomic to rear biocontrol-agents (BCAs) and introduce 
them to the field (WALTERS et al., 2003). Biocontrol strategies focus on ways of preserving 
and enhancing the activity of naturally occurring biocontrol-agents. A wide range of these 
BCAs have considerable potential for reducing pest populations. Ground beetles (Coleoptera: 
Carabidae), rove beetles (Coleoptera: Staphylinidae) and spiders (Arachnida: Araneae) are the 
main epigaeic predators of the pests in oilseed rape (BÜCHS & ALFORD, 2003). Species of 
these taxa prey on the populations of the most important oilseed rape pests: Psylliodes 
chrysocephala, Dasineura brassicae, Meligethes spp., Ceutorhynchus assimilis, C. 
pallidactylus and C. napi. Whereas some publications give evidence of carabids as 
antagonists of insect pests in cereals (BASEDOW, 1973; SUNDERLAND & VICKERMANN, 1980; 
GRIFFITHS, 1982; CHAMBERS et al., 1983; SCHELLER, 1984; POEHLING et al., 1985; 
CHIVERTON, 1988; EKBOM et al., 1993) there are very few publications on predator-prey 
relationships in oilseed rape. In this study, the influence of different oilseed rape management 
systems on the activity density of the epigaeic arthropods, on the occurrence of the oilseed 
rape pests and the predators’ effect on the pest populations in the oilseed rape and in the 
following crop winter wheat have been investigated. It was assumed that the integrated crop 
management is favourable for the occurrence of the epigaeic predators and that these can act 
more successfully as biocontrol agents in the integrated management system. It was also 
assumed that this crop management would have positive effects on the epigaeic predators in 
the following crop. The field-based experiments were carried out in Wendhausen, Germany, 
from 2002 to 2005 
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MATERIAL AND METHODS 
 
The oilseed rape management systems 
 
The effect of different oilseed rape management systems (tab. 1) on pests and epigaeic 
predators (carabids, staphylinids and spiders) has been investigated in Wendhausen, Germany 
from 2002 to 2005 in a winter oilseed rape field with an ICMi0- (Integrated Crop 
Management; i0 = no insecticides) system with reduced tillage and without any insecticide 
treatments and a ploughed STNie- (standardised oilseed rape management; ie = insecticides to 
economic thresholds) system with insecticide treatments (pyrethroids, λ-cyhalothrin) after 
economic pest thresholds were exceeded in this plot. In 2003, an additional subsystem has 
been installed: An ICMie-system with insecticide treatments at BBCH stages 12 and 53 in 
2004 and with treatments with the half dose of the agent at BBCH stage 50-51 in 2005. In 
2004 and 2005, a fourth subsystem has been added to the experiment: a STNii-system (ii = 




The experiments were carried out in Wendhausen, about 10 km north-east of Braunschweig 
(52°19' north, 10°38' east; 78 m above sea level) (fig. 1a). The field size was 10 ha in total. It 
was divided into one part with a size of 4 ha and two parts with 3 ha each (fig. 1b). The crop 
rotation was winter barley – winter oilseed rape – winter wheat, with a postponement of one 
year in each part of the field. In Wendhausen 1.1 in 2002 and 2005 oilseed rape was sown, in 
Wendhausen 1.2 in 2003 and in Wendhausen 1.3 in 2004. The soil was slightly clayey loam. 
The agricultural land grade was 47. When the soil was dry, it became very solid and showed 
big and deep cracks. In case of wetness the soil tended to silt. In the north, south and west 
further fields bordered on the experimental site, in the east there was an oak mixed forest. 
Westerly, there was a hedgerow between the experimental site and the next field. 
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Tab. 1: The four oilseed rape management systems installed in Wendhausen. ICMi0: Integrated Crop 
Management without any insecticide sprays from 2002-2005; ICMie: Integrated Crop Management 
with insecticide sprays to economic thresholds from 2003-2005; STNie: standardised oilseed rape 
management with insecticide sprays to economic thresholds from 2002-2005; STNii: standardised 





- minimal tillage: soil loosened with 
goose foot “Gruber”; sowing with no-
till seed drill 
- crop in the year before the OSR: winter 
barley 
- OSR seed not dressed with insecticides 
- OSR seed as a admixture of 98% 
oilseed rape cv. Banjo and 2% 
Brassicae campestris cv. Salut 
- row width: 0.1 m from 2002-2004, 0.2 
m in 2005 
- no insecticide sprays 
ICMie
- minimal tillage: soil loosened with 
goose foot “Gruber”; sowing with no-
till seed drill 
- crop in the year before the OSR: winter 
barley 
- OSR seed not dressed with insecticides 
- OSR seed as a admixture of 98% 
oilseed rape cv. Banjo and 2% 
Brassicae campestris cv. Salut 
- row width: 0.1 m from 2003-2004, 0.2 
m in 2005 
- insecticide sprays (λ-cyhalothrin) at 
BBCH stages 12 and 53 in 2004 and 
with a spray with the half dose of the 
agent at BBCH stage 50-51 in 2005 
STNie
- ploughed 
- crop in the year before the OSR: winter 
barley 
- OSR seed (cv. Banjo) dressed with 
Chinook (insecticide + fungicide) 
- row width: 0.1 m 
- insecticide sprays (λ-cyhalothrin) in 
2001/2002 and 2002/2003 at BBCH 
stages 10-12, 30 and 50, at BBCH-
stages 12-14, 53 and 60 in 2003/2004 
and at BBCH-stage 50-51 in 
2004/2005 after pest economic 
thresholds were exceeded in this plot 
STNii
- ploughed 
- crop in the year before the OSR: winter 
barley 
- OSR seed (cv. Banjo) dressed with 
Chinook (insecticide + fungicide) 
- row width: 0.1 m 
- insecticide sprays (λ-cyhalothrin) at 
BBCH stages 10-12, 33-39, 53 and 60 
in 2003/2004 and at BBCH stages 17, 
39, 57-59 and 59-61 in 2004/2005 
irrespective of pest levels 
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Fig. 1a: Map of the experimental site in Wendhausen (see the markings) in the northeast of 





























Traps for both pests and predators have been arranged at 20 sampling points in 2002, at 21 
sampling points in each system in 2003 and 2004 and at 5 sampling points in each system in 
2005 during the growing season (BBCH 65-97) (fig. 3a-c). The distance between the 
sampling points was 12 m in all directions from 2002-2004. In 2005, the distance between the 
traps was about 24 m in one direction and about 50 m in the other direction. At each sampling 
point one pitfall trap with a diameter of 10.5 cm and filled with 5% sodium benzoate solution 
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has been used to monitor the predators’ activity (fig. 2a). One funnel trap has been placed at 
each sampling point under the rape canopy to monitor pest larval dropping. Each trap 
consisted of a funnel (21 cm diameter) fixed onto a plastic bottle (fig. 2b). The bottles have 
been filled with 5% sodium benzoate solution and sunk into the soil under the oilseed rape 
canopy in a small tube. The edges of the funnels were about 15 cm above soil level. 
Emergence traps which included an area of 0.25 m² have been used to monitor the emergence 
of the new pest generations (fig. 2c). One trap at every second sampling point has been used 








Fig. 2a-c: Traps used in the field trials in Wendhausen from 2002-2005. a: pitfall trap,  
b: funnel trap, c: emergence trap (photoeclector). 
© on fig. 2a & b by Wolfgang Büchs. 
 
After the sowing of the oilseed rape, pitfall traps were used to monitors the predators’ activity 
in the autumn (BBCH stages 10-19 in 2002, 12-15 in 2003 and 16-19 in 2004). 
In the year after the cultivation of the oilseed rape, winter wheat has been sown on the 
experimental sites. The hatching of the oilseed rape pests in the winter wheat was monitored 
with emergence traps. The emergence of the epigaeic predators was monitored with pitfall 
traps inside the photoeclectors. 
All traps both in the winter oilseed rape and the winter wheat have been emptied once a week. 
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The Carabidae were determined following FREUDE et al. (2004). The key by FREUDE et al. 




Plant dissections were carried out at BBCH stages 16-19 and 50 respectively 57-59 for 
monitoring the infection of the oilseed rape with Psylliodes chrysocephala. The stems and the 
centre rib of the leaves were cut open and the number of pest larvae were counted and the 
length of the burrows was measured. 50 plants were examined from the ICMi0- and STNie-
system in each year, 30 plants from the ICMie- and the STNii-system in 2003 and 2004, 50 
plants from each system in 2005. Another plant dissection was carried out at BBCH stage 65-
69 for investigating the infection with Ceutorhynchus pallidactylus and C. napi. The length of 
the plants was measured, the stems were cut open and the number of pest larvae were counted 
and the length of the burrows was measured. In 2003, 50 plants were taken from the ICMi0- 
and the STNie-system and 30 plants from the ICMie-system. In 2004, 50 were taken from the 
ICMi0- and the STNie-system and 40 plants from the ICMie- and the STNii-system. In 2005, 50 
plants were taken from each of the four management systems. At BBCH stage 73-79 a plant 
dissection was carried out for monitoring the infection of the plants with Dasineura brassicae 
and C. assimilis. The pods of the main raceme and of one side branch were counted and the 
number of infested, missing and shrivelled pods determined. Five of the pods which seemed 
to be infested were opened and checked for an infestation with D. brassicae larvae and/or C. 
assimilis larvae. In 2003, 40 plants were investigated from the ICMi0- and the STNie-system 
and 30 plants from the ICMie-system. In 2004, 50 plants were examined from each system and 
in 2005 40 plants from each of the four management systems. 
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Fig. 3a-c: Order of the traps in the oilseed rape field with different management systems in Wendhausen in 2002 (a), 2003 and 2004 (b) and 2005 (c). The 

























 = sampling point with one pitfall trap, one funnel trap and one emergence trap 
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Analytical statistics 
 
The data were tested for normal distribution with the Kolmogorov-Smirnov-test. For normally 
distributed data the t-test was used to look for significant differences between the 




The dominance of the different carabid and staphylinid species in the oilseed rape 
management systems was calculated according to MÜHLENBERG (1993): 
 
communityspeciestheinspecimensallofnumber
ispeciesofspecimensofnumberDi 100∗=  
 
Dominance classification occurred according to ENGELMANN (1978): 
 
eudominant = 32 – 100% 
dominant = 10 – 31.9% 
subdominant = 3.2 – 9.9% 
recedent = 1 – 3.1% 
subrecedent = 0.32-0.99% 
sporadic < 0.32% 
 














N = total number of specimens 
ni = total number of specimens of species i 
S = number of species 
 
The equitability or evenness E is a measurement of species similarity. It describes the 
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The Simpson's diversity index (HD) is a measure that characterizes species diversity in a 
community. It is considered a dominance index because it weights towards the abundance of 















N = total number of specimens 
ni = total number of specimens of species i 
S = number of species 
 


















nD .=  
 
min DA,B = sum of the smaller dominance values (D) of the species which occur both in  
        system A and B 
i = species i 
G = number of species which occur in both systems 
nA,B = number of specimens of a single species in system A respectively B 
NA,B = number of all specimens of all species in system A respectively B 
 
The Sörensen’s quotient of similarity is used for the comparison of species communities: 
1002(%) ×+= BA SS
GQS  
 
G = number of species which occur in both systems 
SA, SB = number of species in system A respectively system B 
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RESULTS 
 
Results of the plant dissections 
 
- Plant architecture: 
 
During the plant dissections for the infestation with Ceutorhynchus pallidactylus and C. napi 
the plant length was recorded (tab. 3). In 2003, the plants in the ICMie-system were 
significantly longer than in the ICMi0- and in the STNie-system. In 2004, the plants from the 
two ICM-systems were significantly shorter than the plants from the both STN-systems. In 
2005, the greatest plant length was found in the STNie-system. The plants from this system 
were significantly longer than those from the ICMie-system. 
The number of side branches of the oilseed rape plants was counted during the plant 
dissection for the infestation with Dasineura brassicae and C. assimilis (tab. 4b). In 2003, the 
highest number of side branches was found in the STNie-system. The highest average number 
of side branches was found on the plants from the STNie-system. The plants from the ICMi0-
system nearly had the same average number of side branches, whereas the lowest numbers of 
side branches were found in the ICMie- and the STNii-system. In two of three years, the 
highest number of side branches was found on the plants from the ICMi0-system, whereas the 
plants from the ICMie-system had least of all side branches. 
The highest average number of pods on the main raceme was found on the plants from the 
STNii-system (tab. 4a). The average number of pods on the main raceme was nearly the same 
in the STNie- and the ICMie-system, least of all pods were found on the main racemes of the 
plants from the ICMi0-system. Regarding the side branches of the plants, the highest average 
number of pods were found in the STNii-system. The average number of pods on the side 
branches of the plants of the other three management systems was very similar. In 2004 and 
2005, no significant differences between the ICMi0-, the ICMie- and the STNie-system could 
be found. 
 
- Psylliodes chrysocephala: 
 
In 2003, no significant differences between the management systems could be found 
regarding the infestation with Psylliodes chrysocephala or the damages caused by this pest 
(tab. 2). In 2004, the plant dissection at BBCH stage 19 revealed also no significant 
differences between the management systems regarding the infestation with P. chrysocephala. 
With the dissection of the stems of the plants at BBCH 57-59 a significant (U-test: p < 0,05) 
higher number of larvae was found in the plants of the ICMie-system compared to the STNie-
system. During the dissection of the centre rips of the leaves at BBCH stage 57-59 there were 
found significantly more burrows in the ICMi0- than in the ICMie-and the STNii-system with a 
significantly higher length. There was also a significant difference in the number of burrows 
and their length between the STNie- and the STNii-system. Regarding the number of larvae, 
the plant dissection showed a significantly higher number of larvae in the ICMi0-system than 
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in the STNii-system. In 2005, the highest infestation with the cabbage stem flea beetle and the 
greatest damages caused by this pest were found in the STNie-system. There were 
significantly more burrows in the STNie-system with a significant higher length than in the 
other three management systems. The number of Psylliodes larvae was significantly higher in 
the STNie-system compared to the ICMi0-, the ICMie- and the STNii-system. In average, the 
highest number of burrows was found in the STNie-system, followed by the ICMi0-system 
with nearly the same number. The lowest number of burrows was found in the STNii-system. 
The same results were found for the average length of the burrows. The highest average 
number of cabbage stem flea beetle larvae was found in the ICMi0-system, followed by the 
STNie-system with nearly the same number of larvae. Least of all larvae were found in the 
plants of the STNii-system, the number of larvae in the ICMie-system was nearly as low as in 
the STNii-system. 
 
- Ceutorhynchus pallidactylus and C. napi: 
 
The highest average number of burrows caused by the two stem miner species was found in 
the ICMi0-system (tab. 3). There were nearly twice as many burrows in this management 
system than in the ICMie-system, where the second highest average number of burrows was 
found. No burrows were found in the STNii-system. Regarding the length of the burrows, the 
differences between the management systems become even clearer. In average, in the ICMi0-
system 41% of the stem length was damaged by C. pallidactylus and C. napi. In the ICMie-
system, only 7% were damaged and in the STNie-system 2%. In 2003 and 2004, the burrows 
were significantly longer in the ICMi0- than in the ICMie-system. In 2003, the burrows were 
ten times longer in the ICMi0-system. In all years, the burrows were significantly longer in the 
ICMi0- than in the both standardised management systems. In two of three years, the burrows 
in the ICMie-system were significantly longer than in the two STN-systems. 
The average number of punctures in the stems caused by the two Ceutorhynchus species was 
about eight times higher in the ICMi0- than in the ICMie-and in the STNie-system. In the 
STNii-system no punctures were found. A significantly higher number of punctures was found 
in all years in the ICMi0-system compared to the two STN-systems. Between the ICMie- and 
the STNie-system no significant differences could be found regarding the number of punctures 
in the stems. 
The highest average number of C. pallidactylus larvae in the stems was found in the ICMi0-
system. In average, there were found about ten times more larvae in this system than in the 
ICMie-system and about sixteen times more larvae than in the STNie-system. There were no 
larvae recorded in the STNii-system. Only in 2005, a slightly higher larvae number than in the 
ICMi0-system was monitored in the ICMie-system. 
In two of three years, the highest number of C. napi larvae was found in the ICMi0-system. 
The average number of larvae in this management system was four times higher than in the 
ICMie-system, where the second highest average number of larvae was found. In 2004, no 
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significant differences between the four management systems could be found. In 2003 and 
2005, the number of larvae was significantly higher in the ICMi0- than in the two STN-
systems. There were no significant differences between the ICMie-system and the ICMi0- or 
the STNie-system regarding the number of C. napi larvae. 
 
- Dasineura brassicae and C. assimilis: 
 
The number of pods which looked infested from the outside (blistered and discoloured) was 
determined on the main racemes and the third side branch of the plants from the different 
management systems. The highest average share of infested-looking pods of the total number 
of pods was found on the main racemes of the plants in the ICMi0-system (8.4%) (tab. 4a). 
The share of infested-looking pods was nearly the same in the both STN-systems (7.36% in 
the STNie-system and 7.51% in the STNii-system). The lowest average share of infested-
looking pods was found in the ICMie-system (4.41%). Regarding the side branches, the lowest 
average share of infested-looking pods was recorded on the plants from the ICMie-system 
(2.44%), the share in the STNii-system was nearly as low as in the ICMi0-system  
(2.85%). The highest average share of infested-looking pods was found in the STNie-system 
(4.34%). 
From the infested-looking pods five pods per main raceme and per side branch (or less, when 
the number of five infested pods was not reached) were opened and checked for an actual 
infestation with Dasineura brassicae and Ceutorhynchus assimilis larvae. The average share 
of pods on the main raceme which were actually infested with larvae of D. brassicae was 
similar in the ICMi0- (3.16%), the ICMie- (3.04%) and the STNii-system (3.09%). The lowest 
average share of pods with Dasineura larvae was found in the STNie-system (2.17%). The 
highest average share of pods on the side branches which were actually infested with larvae of 
D. brassicae was discovered in the ICMie-system with 2.16%. In the other three management 
systems the share of these pods was nearly the same (1.52% in the ICMi0-system, 1.56% in 
the STNii-system and 1.62% in the STNie-system). 
No pods infested with larvae of D. brassicae and of C. assimilis were found on the main 
racemes of the plants of the STNii-system. The second lowest share was found in the ICMi0-
system with 0.08%, followed by the STNie-system with 0.15% and the ICMie-system with 
0.18%. On the side branches the same order of the management systems regarding the share 
of pods infested with both D. brassicae and C. assimilis was found. No infested pods were 
found in the STNii-system, 0.02% infested pods were discovered in the ICMi0-system, 0.04% 
in the STNie-system and 0.05% in the ICMie-system. 
The highest average share of missing pods on the main raceme was discovered in the ICMi0-
system (8.62%), followed by the STNie-system with nearly the same share (8.43%). In the 
STNii-system 7.51% of the pods were missing, in the ICMie-system it were 6.7%. Regarding 
the side branches of the plants, the highest share of missing pods was discovered in the ICMie-
system (20.79%), the lowest share was found in the ICMi0-system (14.41%). 
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The highest average share of shrivelled pods on the main racemes was found in the ICMie-
system (4.51%), the lowest share in the STNii-system (2.92%). In the STNie-system the 
highest share of shrivelled pods on the side branches was discovered (12.21%). The shares of 
shrivelled pods on the side branches of the plants of the other three management systems was 
similar: 11.84% in the ICMie-system, 11.69% in the STNii-system and 11.15% in the ICMi0-
system. In two of three years no significant differences were found between these three 
management systems  
The average share of infested-looking and actually infested pods was higher on the main 
racemes than on the side branches in all management systems, whereas the average share of 
missing or shrivelled pods was higher on the side branches compared to the main racemes. 
 
1. Comparison of different winter oilseed rape management systems regarding the infestation of the crop with insect pests and the effects on epigaeic 
predators 
Tab. 2: Arithmetic means and standard deviation of the plant dissections for Psylliodes chrysocephala. Recorded were the number of burrows, the length of 
the burrows and the number of pest larvae in the stems and the centre rips of the plants in different oilseed rape management systems in Wendhausen from 
2003-2005. Letters indicate the results from the Mann-Whitney-U-test. Means of one investigated feature within a row followed by the same letter are not 
significantly different for the amount detected (p > 0.05). List of abbreviations on pages 186-187. 
1 = only the stems of the plants were examined; 2 = only the centre rips of the leaves were examined. 
 
  N burrows length of burrows [cm] N larvae 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 0.02  0.03±  0.08  - 0.04  0.33  0.47  - 0.08 0 0.02 - 



















2004 0.06 0.07 0.04 0.1 0.17 0.12 0.09 0.3 0 0 0 0 
























 0.12 0.1 0.08 0 0.18 0.23 0.18 0 0.04 0.1 0 0 
























 0.55 0.1 0.25 0 0.44 0.08 0.2 0 0.5 0.1 0.2 0 
























2005 0.08 0.04 0.52 0.04 0.16 0.05 0.39 0.04 0.06 0.02 0.38 0.04 
























ø  0.17 0.07 0.19 0.04 0.2 0.16 0.27 0.09 0.14 0.04 0.12 0.01 
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Tab. 3: Results of the plant dissections for Ceutorhynchus pallidactylus and C. napi. Recorded were the plant length, the number and length of the burrows, 
the number of punctures and the number of the pest larvae in different oilseed rape management systems in Wendhausen from 2003-2005. Letters indicate the 
results from the Mann-Whitney-U-test. Means of one investigated feature within a row followed by the same letter are not significantly different for the 
amount detected (p > 0.05). List of abbreviations on pages 186-187. 
 
  plant length [cm] N burrows length of burrows [cm] 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 84.32 102.59 87.68 - 1.12 0.24 0.24 - 17.72 1.62 2.35 - 



















2004 139.95 139.66 148.48 151.55 1.4 0.9 0.43 0 24.21 13.41 5.49 0 
























2005 67-69 136.55 135.1 139.41 137.98 0.54 0.54 0.23 0 7.48 10.57 1.5 0 
























ø  120.27 125.78 125.19 144.77 1.02 0.56 0.3 0 49.41 8.53 3.11 0 
 
  N punctures N C. pallidactylus larvae N C. napi larvae 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 4.32 0.41 0.36 - 6.66 0.1 0.26 - 1.88 0.03 0 - 



















2004 1.95 0.18 0.43 0 2.85 0.58 0.3 0 0 0.05 0 0 
























2005 67-69 0.48 0.2 0.15 0 0.21 0.3 0.04 0 0.56 0.5 0.15 0 























ø  2.25 0.26 0.31 0 3.24 0.33 0.2 0 0.81 0.19 0.05 0 
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Tab. 4a: Results from the plant dissections of the main racemes for Dasineura brassicae and Ceutorhynchus assimilis in the different oilseed rape 
management systems in Wendhausen from 2003-2005. Recorded were the number of pods, the number of infested, missing and shrivelled pods and the 
number of infested-looking pods which were opened and actually infested with D. brassicae or with D. brassicae and C. assimilis and the standard deviation 
(SD). Shown is also the share of the infested, missing and shrivelled pods of the total number of pods in %. Letters indicate the results from the Mann-
Whitney-U-test. Means of one investigated feature within a row followed by the same letter are not significantly for the amount detected (p > 0.05). List of 
abbreviations on pages 186-187. 
Continuation next page. 
 
  Main raceme 
  N pods N infested pods N missing pods 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 73-75 50.49 52.67 45.48 - 4.77 2.43 7.13 - 4.28 3.5 6.65 - 
SD  ± 9.5 ± 11.54 ± 12.83 - ± 3.14 ± 1.85 ± 4.86 - ± 4.16 ± 3.31 ± 4.89 - 























2004 75 59.29 64.62 68.5 78.54 7.98 5.38 3.46 7.66 6.4 4.28 4.19 6.02 
SD  ± 13.87 ± 14.16 ± 18.5 ± 13.85 ± 5.99 ± 5.01 ± 3.34 ± 7.14 ± 12.36 ± 3.4 ± 4.57 ± 10.49 
























2005 79 66.59 64.18 67 68.69 1.54 0.18 0.9 3.62 4.38 4.38 3.05 5.05 
SD  ± 17.05 ± 10.96 ± 8.97 ± 9.43 ± 2.29 ± 0.64 ± 1.26 ± 8.99 ± 4.28 ± 3.59 ± 3.03 ± 4.57 
























ø  58.79 60.49 60.33 73.62 4.76 2.66 3.83 5.64 5.02 4.05 4.63 5.54 
ø%      8.4% 4.41% 7.36% 7.51% 8.62% 6.7% 8.43% 7.51% 
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  N shrivelled pods D. brassicae D. brassicae + C. assimilis 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 73-75 1.56 2.27 2.68 - 3.79 2.07 2.35 - 0.05 0.27 0.2 - 
SD  ± 1.47 ± 1.64 ± 2.46 - ± 1.52 ± 1.41 ± 2.2 - ± 0.22 ± 0.57 ± 0.46 - 



















2004 75 1.44 2.04 1.35 1.82 0.04 3.18 0 3.62 0.08 0.02 0 0 
SD  ± 1.66 ± 2.4 ± 1.98 ± 2.34 ± 0.2 ± 1.92 ± 0 ± 1.76 ± 0.28 ± 0.14 ± 0 ± 0 
























2005 79 2.41 3.88 2.03 2.41 1.26 0.18 0.9 1.08 0 0 0 0 
SD  ± 1.96 ± 4.28 ± 1.97 ± 1.9 ± 1.73 ± 0.64 ± 1.26 ± 1.9 ± 0 ± 0 ± 0 ± 0 
























ø  1.8 2.73 2.02 2.12 1.7 1.81 1.08 2.35 0.04 0.1 0.07 0 
ø%  3.05% 4.51% 3.63% 2.92% 3.16% 3.04% 2.17% 3.09% 0.08% 0.18% 0.15% 0% 
 
Tab. 4b: Number of side branches of the oilseed rape plants in the different management systems in Wendhausen from 2003-2005 recorded during the plant 
dissections for D. brassicae and C. assimilis. Means within a row followed by the same letter are not significantly different (p > 0.05; Mann-Whitney-U-test).  
 
  N side branches 
 BBCH ICMi0 ICMie STNie STNii
2003 73-75 9.59 4.8 13.25 - 
SD  ± 3.86 ± 1.32 ± 7.53 - 
  a b c  
2004 75 6.25 4.98 5.48 5.46 
SD  ± 1.84 ± 1.15 ± 1.54 ± 1.21 
  a cb b ab 
2005 79 7.08 5.9 6.5 6 
SD  ± 1.81 ± 1.57 ± 1.26 ± 1.38 
  a a a a 
ø  7.64 5.23 8.41 5.73 
- 22 - 
1. Comparison of different winter oilseed rape management systems regarding the infestation of the crop with insect pests and the effects on epigaeic 
predators 
Tab. 4c: Results from the plant dissections of the third side branches for Dasineura brassicae and Ceutorhynchus assimilis in the different oilseed rape 
management systems in Wendhausen from 2003-2005. Legend as tab. 4a. List of abbreviations on pages 186-187. 
Continuation next page. 
 
  Side branches 
  N pods N infested pods N missing pods 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 73-75 27.41 21 24.93 - 1.15 0.69 2.55 - 3.59 5.66 4.59 - 
SD  ± 6.79 ± 5.42 ± 7.42 - ± 1.53 ± 0.93 ± 2.39 - ± 2.5 ± 3.69 ± 3 - 



















2004 75 38.21 38.18 41.17 42.7 2.19 1.54 0.85 1.22 5.35 6.44 8.02 8.92 
SD  ± 10.71 ± 8.15 ± 7.88 ± 7.55 ± 1.99 ± 2.01 ± 1.34 ± 2 ± 5.77 ± 4.36 ± 5.45 ± 5.47 
























2005 79 35.26 34.65 31.6 36.41 0.1 0 0.23 1.03 5.69 6.43 4.93 6.51 
SD  ± 7.93 ± 9.64 ± 6.79 ± 7.95 ± 0.38 ± 0 ± 0.62 ± 4.68 ± 3.49 ± 3.77 ± 3.41 ± 3.28 
























ø  33.63 31.28 32.57 39.56 1.15 0.74 1.21 1.13 4.88 6.18 5.85 7.72 
ø%      3.4% 2.44% 4.34% 2.85% 14.41% 20.79% 17.83% 19.39% 
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  N shrivelled pods D. brassicae D. brassicae + C. assimilis 
 BBCH ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii ICMi0 ICMie STNie STNii
2003 73-75 2.85 3.59 2.63 - 1.13 0.66 1.03 - 0 0.03 0.03 - 
SD  ± 1.74 ± 2.4 ± 1.93 - ± 1.45 ± 0.94 ± 1.33 - ± 0 ± 0.19 ± 0.16 - 



















2004 75 3.73 3.12 4.31 5.62 0 1.28 0 1.06 0.02 0 0 0 
SD  ± 2.73 ± 3.33 ± 3.18 ± 4.65 ± 0 ± 1.58 ± 0 ± 1.46 ± 0.14 ± 0 ± 0 ± 0 
























2005 79 4.69 3.55 4.93 3.72 0.15 0 0.23 0.23 0 0 0 0 
SD  ± 2.89 ± 2.91 ± 2.94 ± 2.64 ± 0.59 ± 0 ± 0.62 ± 0.87 ± 0 ± 0 ± 0 ± 0 
























ø  3.76 3.42 3.96 4.67 0.42 0.65 0.42 0.65 0.007 0.01 0.01 0 
ø%  11.15% 11.84% 12.21% 11.69% 1.52 2.16% 1.62% 1.56% 0.02% 0.05% 0.04% 0% 
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Pest numbers in the oilseed rape management systems 
 
- D. brassicae: 
 
The number of D. brassicae larvae monitored with funnel traps was higher in three of four 
years in the ICMi0- than in the STNie-system (tab. 5). In 2005, four management systems were 
investigated. The highest infestation with larvae of the pod midge was found in the STNie-
system. The second highest infestation was discovered in the ICMie-system, where the pest 
larvae numbers were clearly higher than in the ICMi0-system. In the STNii-system the lowest 
infestation was found. In 2002, 2003 and 2005, the Mann-Whitney-U-test revealed no 
significant differences between the management systems concerning the number of  
D. brassicae larvae. In 2004, the infestation of the oilseed rape with pod midge larvae was 
significantly higher in the ICMi0- than in the STNie-system (U-test: p < 0.01). 
The share of emerged adult D. brassicae in the same year in the oilseed rape was higher in 
three of four years in the STNie-system compared to the ICMi0-system, although the number 
of pod midge larvae was higher in the ICMi0- than in the STNie-system in two of these years. 
In 2004, the share of emerged adult pests was only 6% higher in the ICMi0-system than in the 
STNie-system, but the infestation with pest larvae was 300% higher in the ICMi0-system. The 
average share of emerged adult pod midges of the new generation was nearly the same in 
these two management systems, although the average number of pest larvae was higher in the 
ICMi0- than in the STNie-system. In 2005, the highest share of emerged D. brassicae was 
found in the STNie-system, the lowest share in the STNii-system. The share of emerged adult 
pests was lower in the ICMie- than in the ICMi0-system, although the number of Dasineura 
larvae was higher in the ICMie-system in this year. In 2002, 2004 and 2005, no significant 
differences between the management systems regarding the number of emerged D. brassicae 
of the new generation could be found. In 2003, significantly more (U-test: p < 0.01) pod 
midges emerged in the new generation in the STNie- than in the ICMi0-system in the oilseed 
rape. 
In the following year in the winter wheat the average share of emerged D. brassicae was 
about the same in the ICMi0- and in the STNie-system. In two of three years the share of pod 
midges hatched in the previous year’s management systems was higher in the STNie- than in 
the ICMi0-system. In 2003 and 2004, the U-test revealed no significant differences between 
the management systems in the number of emerged adult pod midges in the winter wheat. In 
2005 (in the wheat following the oilseed rape management systems of 2004), significantly 
less D. brassicae emerged in the previous year’s STNie-system than in the ICMi0-system of the 
previous year. 
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Tab. 5: Population dynamics of Dasineura brassicae in a winter oilseed rape field with different 
management systems from 2002-2005 in Wendhausen. Shown are the number of pest larvae/m² 
monitored with funnel traps, the share of emerged adult pests of the number of larvae in the same year 
in the oilseed rape and the share of emerged pests in the following year in the winter wheat, both 
monitored with emergence traps. List of abbreviations on pages 186-187. 
 
 Dasineura brassicae 




2002 4626 6 2 
2003 31088 0.2 0.6 
2004 18043 15 4 ICMi0-system 
2005 2709 6 - 
 ø 14116.5 6.8 2.2 
     
ICMie-system 2005 3977 2.3 - 
     
2002 3269 8 4 
2003 29337 0.4 1 
2004 5399 9 3.5 STNie-system 
2005 4147 9 - 
 ø 10538 6.6 2.5 
     
STNii-system 2005 2396 0.4 - 
 
- Meligethes spp.: 
 
The number of Meligethes spp. larvae was clearly higher in three of four years in the ICMi0- 
than in the STNie-system (tab. 6). The average number of larvae per m² of the four years of 
the investigation was three times higher in the ICMi0-system compared to the STNie-system. 
In 2002 and 2003, no significant differences between the oilseed rape management systems 
were found regarding the number of pollen beetle larvae. In 2004 and 2005, the number of 
pest larvae was significantly higher in the ICMi0- than in the STNie-system (U-test: p < 0.05). 
In 2005, there were also significantly more Meligethes larvae in the ICMie-system compared 
to the both STN-systems. 
The average share of emerged adult pests in the oilseed rape was lower in the ICMi0- than in 
the STNie-system despite the clearly higher larvae number in the ICMi0-system. In three of 
four years the share of emerged pod midges was lower in the ICMi0- than in the STNie-
system. In 2005, the lowest share of adult pests of the new generation emerged in the ICMie-
system, followed by the ICMi0-system with nearly the same share. The share of emerged adult 
pests in the STNii-system was slightly higher, the share in the STNie-system was about three 
times higher than in the both ICM-systems. In 2002 and 2003, there were no significant 
differences between the management systems concerning the number of emerged adult pollen 
beetles. In 2004, the number of emerged Meligethes beetles was significantly higher in the 
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ICMi0- than in the STNie-system. In 2005, significantly more pollen beetles emerged in the 
ICMi0- than in the STNie-system. 
In the following year in the winter wheat the numbers of emerged pollen beetles were very 
low. Only in two years specimens were found in the traps. The average share of emerged 
Meligethes beetles in the previous year’s ICMi0-system was only half as big than in the 
previous year’s STNie-system. was lower in the ICMi0- than in the STNie-system. The U-test 
revealed no significant differences between the management systems in the number of 
emerged adult Meligethes beetles. 
 
Tab. 6: Population dynamics of Meligethes spp. in a winter oilseed rape field with different 
management systems from 2002-2005 in Wendhausen. Shown are the number of pest larvae/m² 
monitored with funnel traps, the share of emerged adult pests of the number of larvae in the same year 
in the oilseed rape and the share of emerged pests in the following year in the winter wheat, both 
monitored with emergence traps. List of abbreviations on pages 186-187. 
 
 Meligethes spp. 




2002 29 26 4.65 
2003 151 19.5 0 
2004 566 19.6 0 ICMi0-system 
2005 212 8 - 
 ø 239.5 18.28 1.55 
     
ICMie-system 2005 131 7.3 - 
     
2002 13 15.4 9.1 
2003 180 31.4 0 
2004 98 24 1 STNie-system 
2005 25 26 - 
 ø 79 24.2 3.1 
     
STNii-system 2005 25 9.6 - 
 
- C. assimilis, C. pallidactylus and C. napi: 
 
The number of C. assimilis larvae was clearly higher in all years of the investigation in the 
ICMi0-system compared to the STNie-system (tab. 7). The average number of larvae was 
about two times higher in the ICMi0- than in the STNie-system. In 2002 and 2003, there were 
no significant differences in the number of larvae recorded in the different oilseed rape 
management systems. In 2004, the number of C. assimilis larvae was significantly higher in 
the ICMi0- than in the STNie-system (U-test: p < 0.001). In 2005, the number of pest larvae 
found in the ICMi0-system was significantly higher than in the other three management 
systems. 
The share of adult C. assimilis which emerged in the same year in the oilseed rape was very 
high both in the ICMi0- and the STNie-system compared to the shares of emerged pollen 
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beetles and pod midges. In 2003, the share of emerged adult pests was over 200% higher in 
both the ICMi0- and the STNie-system than the number of recorded pest larvae. The average 
share of emerged pests of the new generation was lower in the ICMi0- than in the STNie-
system. In 2002, 2003 and 2004, no significant differences were found between the 
management systems in the number of emerged C. assimilis of the new generation. In 2005, 
significantly more cabbage seed weevils emerged in the STNie-system compared to the ICMi0- 
and the STNii-system. 
In the winter wheat in the management systems of the previous year nearly no C. assimilis 
were found in the emergence traps. No significant differences between the management 
systems were found regarding the number of emerged cabbage seed weevils. 
 
Tab. 7: Population dynamics of Ceutorhynchus assimilis in a winter oilseed rape field with different 
management systems from 2002-2005 in Wendhausen. Shown are the number of pest larvae/m² 
monitored with funnel traps, the share of emerged adult pests of the number of larvae in the same year 
in the oilseed rape and the share of emerged pests in the following year in the winter wheat, both 
monitored with emergence traps. List of abbreviations on pages 186-187. 
 
 Ceutorhynchus assimilis 




2002 130 69 0 
2003 162 219 0 
2004 199 30 0 
 
ICMi0-system 
2005 233 0 - 
 ø 181 79.5 0 
     
ICMie-system 2005 59 3.4 - 
     
2002 89 138 1.12 
2003 109 212 0 
2004 79 30 0 
 
STNie-system 
2005 47 55 - 
 ø 81 108.75 0.28 
     
STNii-system 2005 25 0 - 
 
The number of larvae per m² of C. pallidactylus and C. napi was monitored with the plant 
dissections. The larvae of these pest species would not be expected to be found in the funnel 
traps because of their way of life in the plant stems. These results are described above. 
In 2003, the share of emerged C. pallidactylus in the oilseed rape was 920% higher in the 
STNie-system than the number of recorded larvae. In 2005, the share of emerged C. 
pallidactylus was 240% higher in the ICMi0-system than the number of the pest larvae found 
in this management system. In average, the share of emerged new adult C. pallidactylus pests 
was lower in the ICMi0- than in the STNie-system. Nearly no adult C. napi emerged in the 
oilseed rape. 
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Some adult C. napi were found in the winter wheat both in the ICMi0- and in the STNie-
system. In the winter wheat following the oilseed rape from 2004 a small share of C 
pallidactylus emerged in the STNie-system. 
 
Tab. 8: Population dynamics of Ceutorhynchus pallidactylus and C. napi in a winter oilseed rape field 
with different management systems from 2002-2005 in Wendhausen. Shown are the number of pest 
larvae/m² monitored with plant dissections, the share of emerged adult pests of the number of larvae in 
the same year in the oilseed rape and the share of emerged pests in the following year in the winter 
wheat, both monitored with emergence traps. The note “N C. napi” means that there emerged more 
adult pests than larvae were found. N indicates the number of recorded adult pests. List of 
abbreviations on pages 186-187. 
 
  C. pallidactylus C. napi 












2003 284 71 0 80 0 16 
2004 91 42 0 0 1 C. n. 1 C. n. ICMi0-system 2005 15 240 - 18 0 - 
 ø 130 118 0 33   
        
ICMie-
system 2005 13 18 - 22 0 - 
        
2003 5 920 0 0 0 10 C. n. 
2004 14 7 3 0 0 1 C. n. STNie-system 2005 12 75 - 12 0 - 
 ø 10 334 1.5 4 0  
        
STNii-




Tab. 9: Yield levels [dt] in the four different oilseed rape management systems in Wendhausen 2003-
2005. List of abbreviations on pages 186-187. 
 
 ICMi0 ICMie STNie STNii
2003 31 46.1 37.7 - 
2004 54.7 57.3 66.7 54.9 
2005 40.85 34.93 46.18 45.11 
ø 42.18 46.11 50.19 50.01 
 
The average yield level (tab. 9) was higher in the both STN-systems compared to the ICM-
systems. The average yield level was nearly the same in the both standardised management 
systems, comparing the results from 2004 and 2005 shows that the yield from the STNie-
system was higher than the yield from the STNii-system. The ICMi0-system had the lowest 
yield level in average, followed by the ICMie-system. 
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Activity density of the epigaeic predators in the different  
oilseed rape management systems 
 
In 2003 and 2005, the spiders were the most frequent predator’s group in all management 
systems in this investigation (fig.4-6). In 2004, the Carabidae were greatest in number. The 
Staphylinidae were in all years the group with the smallest specimen numbers in this study. 
 
- Ground beetles (Carabidae): 
 
In all three years of the investigation, there was a significantly higher activity density of the 
ground beetles in the ICMi0- than in the STNie-system (2003 and 2004: U-test: p < 0.05; 2005: 
t-test: p < 0.05) (fig. 4). In 2004, the activity density was similar in the two ICM-systems and 
the STNii-system. In the STNie-system, a significantly lower activity density was recorded 
compared to the other management systems in this year. In 2005, the activity density of the 
carabids decreased with the increasing intensity of the management systems. The highest 
activity density was recorded in the ICMi0-system in this year, the lowest in the STNii-system. 
The carabids’ activity density was significantly lower in this management systems compared 
to the other three systems. In 2003, the highest activity density of Carabidae during this study 
was found together with the highest number of carabid species (tab. 10) in the ICMi0-system. 
The highest number of carabid species was recorded both in 2003 and 2004 in the ICMi0-
system (tab. 10 & 11). The second highest number of species was recorded in both years in 
the STNie-system. In 2005, in all four management systems nearly the same number of 
carabid species was found in the pitfall traps (tab. 12). Amara similata was the eudominant 
species in all years in all management systems. This species delivered between 33.1 and  
56.4% of all recorded carabids in the pitfall traps. Harpalus affinis, H. rufipes, Loricera 
pilicornis, Poecilus cupreus and Pterostichus melanarius were the dominant carabid species 
in the different management systems during this investigation. In all years there was only one 
eudominant carabid species in all management systems. Mostly there was one dominant 
species per year and management system, more than three dominant carabid species in a year 
were not recorded in a management system. There were found between three and seven 
subdominant species per year and management system, between one and six recedent species 
and between two and eight subrecedent species. Most species were found in the last 
dominance class: up to 16 species in one year and one management system appeared 
sporadically. 
The Shannon’s index describes the degree of the species diversity. A higher index reveals a 
higher degree of diversity. Usually you can expect values between 1.5 and 3.5. The results 
from this study are with values between 1.71 and 2.1 (tab. 13) within the lower field which 
indicates a low diversity. The results for the different management systems in the same year 
were very similar. The differences between the years were clearer. The lowest Shannon’s 
indices were found in 2003, the highest in 2005. In 2004 and 2005, the values from the two 
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The values of the Sörensen’s quotient for the different management systems in the same year 
revealed a high species similarity for all pairs (tab. 14a). The comparison of the same 
management systems in different years revealed a lower species similarity (tab. 14b). The 
highest values were found for the ICMi0- and STNie-systems of 2003 and 2004 and of 2004 
and 2005. The results of the calculation of the Renkonen’s coefficient revealed a high 
similarity in the dominance structure of the different oilseed rape management systems in the 
same year (tab. 14a). Very high values in all years were found for the comparison between the 
ICMi0-system and the two STN-systems. The comparison of the same management systems in 
different years revealed a lower similarity in the dominance structure (tab. 14b). 
STN-systems were higher than these from the both ICM-systems. The management system 
with the highest number of species (ICMi0 in 2003) had the lowest Shannon’s index. Both in 
the ICMie- and the STNie-system the index increased with decreasing species numbers in the 
three years of the investigation. This applies also to the results of the calculation of the 
evenness (tab.13). The equitability was with values between 0.49 and 0.64 neither very high 
nor noticeably low. The Simpson’s index describes the diversity of the most abundant species. 
The Simpson’s indices from this investigation laid between 0.66 and 0.81. The values from 
2004 and 2005 indicate a high diversity in all management systems. The diversity in 2003, the 
year with the highest species numbers in the two management systems, was lower both in the 
ICMi0- and the STNie-system than in the other two years. The calculation of the Shannon’s 
index, the equitability and the Simpson’s index for the Carabidae revealed greater differences 

























ICMi0-system ICMie-system STNie-system STNii-system
 
Fig. 4: Activity density of the Carabidae monitored with pitfall traps in the different oilseed rape 
management systems in Wendhausen in 2003-2005 during BBCH stages 65-97. Letters indicate the 
results from the Mann-Whitney-U-test (2003 and 2004) and the t-test (2005). Columns within one year 
with the same letter are not significantly different for the amount detected (p > 0.05). List of 
abbreviations on pages 186-187. 
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Tab. 10: Number and dominance of carabid species in the pitfall traps in different oilseed rape management systems in Wendhausen in 2003 during BBCH 
stages 65-97. Dominance classification according to ENGELMANN (1978). List of abbreviations on pages 186-187. Continuation next page. 
 
ICMi0 STNie
species N/trap D [%] species N/trap D [%] 
eudominant   eudominant   
Amara similata 79.9 51.7 Amara similata 62.9 56.4 
dominant   dominant   
Loricera pilicornis 28.4 18.4 Loricera pilicornis 11.8 10.6 
subdominant   subdominant   
Poecilus cupreus 14.1 9.1 Stomis pumicatus 10.5 9.4 
Stomis pumicatus 7.4 4.8 Anchomenus dorsalis 4.5 4 
Nebria brevicollis 5.9 3.9 Poecilus cupreus 4.4 3.9 
recedent   recedent   
Notiophilus biguttatus 3.1 2 Harpalus rufipes 2.9 2.6 
Anchomenus dorsalis 2.9 1.9 Harpalus affinis 2.8 2.5 
Harpalus affinis 2.3 1.5 Notiophilus biguttatus 2.6 2.4 
Pterostichus melanarius 2.2 1.5 Pterostichus macer 2.1 1.9 
subrecedent   Badister sodalis 2 1.8 
Harpalus rufipes 1.4 0.9 Pterostichus melanarius 1.8 1.6 
Carabus cancellatus 1.1 0.7 subrecedent   
Pterostichus macer 1.1 0.7 Abax parallelepipedus 0.6 0.6 
Abax parallelepipedus 1 0.7 Bembidion quadrimaculatum 0.6 0.5 
Badister sodalis 0.9 0.6 sporadic   
Amara ovata 0.6 0.4 Nebria brevicollis 0.3 0.3 
Amara familiaris 0.4 0.3 Limodromus assimilis 0.3 0.3 
sporadic   Amara familiaris 0.2 0.2 
Platyderus rufus 0.3 0.2 Carabus cancellatus 0.2 0.2 
Bembidion quadrimaculatum 0.2 0.1 Platyderus rufus 0.2 0.2 
Carabus nemoralis 0.2 0.1 Amara ovata 0.2 0.2 
Trechus quadristriatus 0.2 0.1 Trechus quadristriatus 0.2 0.2 
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ICMi0 STNie
species N/trap D [%] species N/trap D [%] 
Limodromus assimilis 0.1 0.09 Carabus nemoralis 0.1 0.08 
Badister bipustulatus 0.1 0.06 Pterostichus oblongopunctatus 0.1 0.08 
Clivina fossor 0.1 0.06 Badister bipustulatus 0.05 0.04 
Agonum muelleri 0.05 0.03 Calathus fuscipes 0.05 0.04 
Amara plebeja 0.05 0.03 Demetrias atricapillus 0.05 0.04 
Bradytus consularis 0.05 0.03 Oodes gracilis 0.05 0.04 
Demetrias atricapillus 0.05 0.03 Pterostichus vernalis 0.05 0.04 
Parophonus maculicornis 0.05 0.03 Harpalus signaticornis 0.05 0.04 
Pterostichus quadrifoveolatus 0.05 0.03    
Pterostichus oblongopunctatus 0.05 0.03    
Harpalus signaticornis 0.05 0.03    
Zabrus tenebrioides 0.05 0.03    
Σ 154.4  Σ 111.4  
Number of species 32  Number of species 28  
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Tab. 11: Number and dominance of carabid species in the pitfall traps in four different oilseed rape management systems in Wendhausen in 2004 during 
BBCH stages 65-97. Dominance classification according to ENGELMANN (1978). List of abbreviations on pages 186-187. Continuation next page. 
 
ICMi0 ICMie STNie STNii















eudominant   eudominant   eudominant   eudominant   
Amara similata 57.7 45.2 Amara similata 66.5 50 Amara similata 43.1 46.1 Amara similata 57.8 44.1 
dominant   dominant   dominant   dominant   
Poecilus cupreus 14.4 11.3 Poecilus cupreus 14.8 11.1 Pterostichus melanarius 11 11.8 
Pterostichus 
melanarius 14.8 11.3 
subdominant   subdominant   subdominant   subdominant   
Harpalus affinis 12.4 9.7 Harpalus affinis 11.5 8.6 Harpalus affinis 8.5 9.1 Harpalus affinis 12.5 9.5 
Pterostichus 
melanarius 12.3 9.6 
Pterostichus 
melanarius 8.5 6.4 Pterostichus macer 7.2 7.7 Poecilus cupreus 9 6.9 
Harpalus rufipes 8.9 7.1 Pterostichus macer 6.5 4.9 Poecilus cupreus 5.1 5.7 Pterostichus macer 7 5.3 
Pterostichus macer 8.3 7 Harpalus rufipes 5.5 4.1 Harpalus rufipes 4.7 5.5 Anchomenus dorsalis 6.8 5.2 
recedent   Loricera pilicornis 5.3 3.9 recedent   Harpalus rufipes 6 4.6 
Anchomenus dorsalis 3.9 3 recedent   Loricera pilicornis 2.9 3.1 Loricera pilicornis 5 3.8 
Loricera pilicornis 2.7 2.1 Anchomenus dorsalis 3.3 2.4 Anchomenus dorsalis 2.4 2.6 
Limodromus 
assimilis 4.5 3.4 
Trechus 
quadristriatus 1.3 1 Amara familiaris 2 1.5 
Trechus 
quadristriatus 2.1 2.3 recedent   
subrecedent   Trechus quadristriatus 1.8 1.3 Amara familiaris 2.1 2.2 
Trechus 
quadristriatus 3 2.3 
Amara aenea 1 0.8 Platyderus rufus 1.5 1.1 Limodromus assimilis 1.4 1.5 subrecedent   
Limodromus 
assimilis 0.9 0.7 
Harpalus 
signaticornis 1.5 1.1 subrecedent   Badister sodalis 0.8 0.6 
Harpalus 
signaticornis 0.8 0.6 subrecedent   
Harpalus 
signaticornis 0.6 0.7 Platyderus rufus 0.5 0.4 
Amara familiaris 0.5 0.4 Stomis pumicatus 1.3 0.9 Amara aenea 0.5 0.6 sporadic   
Carabus cancellatus 0.5 0.4 Notiophilus biguttatus 0.8 0.6 Stomis pumicatus 0.4 0.5 
Abax 
parallelepipedus 0.3 0.2 
- 34 - 
1. Comparison of different winter oilseed rape management systems regarding the infestation of the crop with insect pests and the effects on epigaeic 
predators 
ICMi0 ICMie STNie STNii















sporadic   Amara plebeja 0.5 0.4 sporadic   Amara plebeja 0.3 0.2 
Bembidion 
quadrimaculatum 0.3 0.3 Badister sodalis 0.5 0.4 Carabus nemoralis 0.3 0.4 
Anisodactylus 
binotatus 0.3 0.2 
Notiophilus 
biguttatus 0.2 0.2 Carabus nemoralis 0.5 0.4 
Notiophilus 
biguttatus 0.3 0.3 Badister bipustulatus 0.3 0.2 
Platyderus rufus 0.2 0.2 sporadic   Bembidion lampros 0.1 0.2 Bembidion lampros 0.3 0.2 
Abax 
parallelepipedus 0.2 0.2 Brachinus crepitans 0.3 0.2 
Calathus 
melanocephalus 0.1 0.2 
Bembidion 
quadrimaculatum 0.3 0.2 
Stomis pumicatus 0.2 0.2 Carabus cancellatus 0.3 0.2 Carabus cancellatus 0.1 0.1 Carabus cancellatus 0.3 0.2 
Badister bipustulatus 0.1 0.1 Nebria brevicollis 0.3 0.2 Platyderus rufus 0.1 0.1 Carabus nemoralis 0.3 0.2 
Carabus nemoralis 0.1 0.1 Limodromus assimilis 0.3 0.2 
Abax 
parallelepipedus 0.05 0.05 
Harpalus 
signaticornis 0.3 0.2 
Harpalus luteicornis 0.1 0.1    Badister bipustulatus 0.05 0.05 Stomis pumicatus 0.3 0.2 
Nebria brevicollis 0.1 0.1    Clivina fossor 0.05 0.05    
Zabrus tenebrioides 0.1 0.1    Harpalus luteicornis 0.05 0.05    
Syntomus 
truncatellus 0.1 0.07    Nebria brevicollis 0.05 0.05    
Badister sodalis 0.05 0.04    Panagaeus cruxmajor 0.05 0.05    
Calathus erratus 0.05 0.04          
Calathus 
melanocephalus 0.05 0.04          
Demetrias 
atricapillus 0.05 0.04          
Σ 128  Σ 133  Σ 93.3  Σ 131  
Number of species 29  Number of species 21  Number of species 26  Number of species 22  
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Tab. 12: Number and dominance of carabid species in the pitfall traps in four different oilseed rape management systems in Wendhausen in 2005 during 
BBCH stages 65-97. Dominance classification according to ENGELMANN (1978). List of abbreviations on pages 186-187. Continuation next page. 
 
ICMi0 ICMie STNie STNii















eudominant   eudominant   eudominant   eudominant   
Amara similata 42.4 33.5 Amara similata 51.2 45.1 Amara similata 31.2 36.2 Amara similata 19.4 33.1 
dominant   dominant   dominant   dominant   
Loricera pilicornis 30.2 23.9 Loricera pilicornis 20 17.6 Poecilus cupreus 10.6 12.3 Loricera pilicornis 15 25.6 
Poecilus cupreus 12.8 10.1 subdominant   Harpalus affinis 10.4 12.1 Harpalus rufipes 6 10.2 
subdominant   Nebria brevicollis 7.4 6.5 Loricera pilicornis 9.4 10.9 subdominant   
Harpalus affinis 10.6 8.4 Harpalus rufipes 6.2 5.5 subdominant   Harpalus affinis 3.8 6.5 
Harpalus rufipes 9.2 7.3 Harpalus affinis 5.8 5.1 Harpalus rufipes 8.4 9.7 Trechus quadristriatus 3.6 6.1 
Anchomenus dorsalis 5.2 4.1 Anchomenus dorsalis 5.6 4.9 Anchomenus dorsalis 4.8 5.6 
Anchomenus 
dorsalis 2.2 3.8 
Pterostichus 
melanarius 4 3.2 
Trechus 
quadristriatus 4.6 4.1 recedent   Poecilus cupreus 2.2 3.8 
recedent   recedent   Trechus quadristriatus 2 2.3 recedent   
Trechus 
quadristriatus 3.8 3 
Pterostichus 
melanarius 3 2.6 Nebria brevicollis 1.4 1.6 
Pterostichus 
melanarius 1 1.7 
Nebria brevicollis 2.6 2.1 Poecilus cupreus 2.6 2.3 Pterostichus melanarius 1.4 1.6 Amara familiaris 0.8 1.4 
subrecedent   Amara aenea 1.4 1.2 Amara aenea 1.2 1.4 Limodromus assimilis 0.8 1.4 
Notiophilus 
biguttatus 0.8 0.6 
Limodromus 
assimilis 1.2 1.1 Amara familiaris 1.2 1.4 Amara aenea 0.6 1 
Pterostichus macer 0.8 0.6 subrecedent   subrecedent   Amara plebeja 0.6 1 
Amara plebeja 0.6 0.5 Harpalus signaticornis 1 0.9 
Limodromus 
assimilis 0.8 0.9 subrecedent   
Harpalus luteicornis 0.6 0.5 Notiophilus biguttatus 0.6 0.5 Pterostichus macer 0.8 0.9 Harpalus luteicornis 0.4 0.7 
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ICMi0 ICMie STNie STNii















Zabrus tenebrioides 0.6 0.5 Amara plebeja 0.4 0.4 Harpalus signaticornis 0.8 0.9 Nebria brevicollis 0.4 0.7 
Amara aenea 0.4 0.3 Carabus nemoralis 0.4 0.4 Amara plebeja 0.6 0.7 Pterostichus macer 0.4 0.7 
Amara familiaris 0.4 0.3 Harpalus luteicornis 0.4 0.4 sporadic   sporadic   
Pterostichus 
strenuus 0.4 0.3 Stomis pumicatus 0.4 0.4 Asaphidion flavipes 0.2 0.2 Bembidion lampros 0.2 0.3 
sporadic   sporadic   Badister bipustulatus 0.2 0.2 Bembidion quadrimaculatum 0.2 0.3 
Agonum piceum 0.2 0.2 Agonum piceum 0.2 0.2 Carabus cancellatus 0.2 0.2 Carabus cancellatus 0.2 0.3 
Badister bipustulatus 0.2 0.2 Amara familiaris 0.2 0.2 Notiophilus biguttatus 0.2 0.2 Carabus nemoralis 0.2 0.3 
Bembidion 
quadrimaculatum 0.2 0.2 Carabus cancellatus 0.2 0.2 
Pterostichus 
strenuus 0.2 0.2 
Harpalus 
signaticornis 0.2 0.3 
Carabus nemoralis 0.2 0.2 Pterostichus oblongopunctatus 0.2 0.2 Zabrus tenebrioides 0.2 0.2 Stomis pumicatus 0.2 0.3 
Limodromus 
assimilis 0.2 0.2 
Pterostichus 
strenuus 0.2 0.2    Zabrus tenebrioides 0.2 0.3 
   Zabrus tenebrioides 0.2 0.2       
Σ 126.4  Σ 113.4  Σ 86.2  Σ 58.6  
Number of species 22  Number of species 23  Number of species 21  Number of species 22  
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Tab. 13: Shannon’s index, evenness and Simpson’s index for the carabid species in the different 
oilseed rape management systems in Wendhausen from 2003-2005. List of abbreviations on pages 
186-187. 
 
system Shannon’s index Evenness Simpson’s Index 
ICMi0 2003 1.71 0.49 0.69 
ICMi0 2004 1.91 0.57 0.75 
ICMi0 2005 2.01 0.6 0.8 
ICMie 2004 1.89 0.56 0.72 
ICMie 2005 1.93 0.57 0.75 
STNie 2003 1.71 0.51 0.66 
STNie 2004 1.95 0.6 0.75 
STNie 2005 2.1 0.64 0.81 
STNii 2004 1.97 0.6 0.77 
STNii 2005 2.06 0.63 0.81 
 
Tab. 14a: Sörensen’s quotient and Renkonen’s index for the carabid species in the different oilseed 
rape management systems in Wendhausen from 2003-2005. Compared were the different management 
systems from the same year. List of abbreviations on pages 186-187. 
 
 Sörensen’s quotient Renkonen’s coefficient 
ICMi0/STNie 2003 83.3 0.87 
ICMi0/ICMie 2004 87 0.87 
ICMi0/STNie 2004 83.6 0.93 
ICMi0/STNii 2004 74.5 0.79 
ICMie/STNie 2004 76.6 0.86 
ICMie/STNii 2004 79.1 0.79 
STNie/STNii 2004 85.4 0.93 
ICMi0/ICMie 2005 78.3 0.78 
ICMi0/STNie 2005 80.9 0.83 
ICMi0/STNii 2005 86.6 0.86 
ICMie/STNie 2005 74.8 0.75 
ICMie/STNii 2005 78.3 0.78 
STNie/STNii 2005 76.1 0.77 
 
Tab. 14b: Sörensen’s quotient und Renkonen’s index for the carabid species in the oilseed rape 
management systems in Wendhausen from 2003-2005. Compared were the same management systems 
in the different years. List of abbreviations on pages 186-187. 
 
 Sörensen’s quotient Renkonen’s coefficient 
ICMi0 2003/2004 78.7 0.65 
ICMi0 2003/2005 63 0.72 
ICMi0 2004/2005 70.7 0.7 
ICMie 2004/2005 62.5 0.7 
STNie 2003/2004 74.1 0.66 
STNie 2003/2005 65.3 0.64 
STNie 2004/2005 77.3 0.7 
STNii 2004/2005 68.1 0.64 
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- Rove beetles (Staphylinidae): 
 
The activity density of the staphylinids showed no significant differences between the 
management systems in all three years of the investigation (2003 and 2004: U-test: p > 0.05; 
2005: t-test: p > 0.05) (fig. 5). In 2003, the activity density was higher in the STNie- than in 
the ICMi0-system. In 2004, the highest activity density of the rove beetles was found in the 
ICMie-system. in the. The lowest activity revealed the Staphylinidae in the ICMi0- and the 
STNie-system, where the same number of beetles was found. A similar result was found in 
2005: The highest activity density was found in the ICMie-system, followed by the STNii-
system with the second highest activity density. There was a slightly higher staphylinids’ 
activity density in the ICMi0- than in the STNie-system, where the lowest activity density was 
recorded. The highest activity density was found in 2003. In 2003 and 2004, the Staphylinidae 
with the exception of the Aleocharinae were determined to species level. Together with the 
highest activity density the highest number of species and the highest number of Aleocharinae 
were found in the STNie-system in 2003 (tab. 17 & 15). The second highest number of species 
and of Aleocharinae were recorded in 2003 in the ICMi0-system. The number of rove beetle 
species and of Aleocharinae was clearly lower in 2004 than in 2003 (tab. 18 & 15). Regarding 
the dominance structure of the staphylinid species community without the Aleocharinae, in 
2003 Philonthus sordidus was the most abundant species in both management systems 
(dominant in the ICMi0- and eudominant in the STNie-system) (tab. 17). In 2004, Tachyporus 
hypnorum appeared eudominant in both management systems (tab. 18). Furthermore, the 
Staphylinidae species Tachinus signatus, Philonthus cognatus and Lathrobium fulvipenne 
occurred dominant at least in one year and one management system.  
The low values of the Shannon’s index for the staphylinid species without the Aleocharinae 
indicate a very low species diversity (tab. 16). The values from 2003 were very similar in the 
ICMi0- and the STNie-system. In 2004, the Shannon’s index was clearly lower in the 
integrated management system than in the STNie-system. The management system with the 
lowest number of species had also the lowest Shannon’s index (ICMi0-system in 2004). The 
values for the equitability were also very low. They were between 0.24 and 0.34, which is 
very close to zero and indicates very uneven proportions of the rove beetles species in this 
study. The calculation of the Simpson’s index revealed very high values in both years in both 
management systems (tab. 16). Values between 0.96 and 0.98 indicate a very high diversity. 
In 2003, the Sörensen’s quotient of 2003 revealed a high species similarity in the ICMi0- and 
the STNie-system with a relatively low similarity in the dominance structure shown by the 
Renkonen’s coefficient (tab. 19a). In 2004, the Sörensen’s quotient was clearly lower than in 
2003, but the Renkonen’s coefficient with a value of 0.91 indicates a nearly complete 
similarity in the dominance structure of the staphylinid species for this year. The comparison 
of the same management systems in the two different years shows a higher species similarity 
and a greater similarity in the ICMi0-systems of 2003 and 2004 than in the STNie-systems of 
these two years (tab. 19b). The species similarity of the ICMi0-system of 2003 and 2004 was 
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greater than that of the two management systems in 2004. Regarding the Renkonen’s 
coefficient, the differences in the dominance structure were greater in the same management 






























ICMi0-system ICMie-system STNie-system STNii-system
 
 
Fig. 5: Activity density of the Staphylinidae monitored with pitfall traps in the different oilseed rape 
management systems in Wendhausen in 2003-2005 during BBCH stages 65-97. Letters indicate the 
results from the Mann-Whitney-U-test (2003 and 2004) and the t-test (2005). Columns within one year 
with the same letter are not significantly different for the amount detected (p > 0.05). List of 
abbreviations on pages 186-187. 
 
Tab 15: Number of the Aleocharinae in the pitfall traps and their share of the total number of 
Staphylinidae in different oilseed rape management systems in Wendhausen in 2003 and 2004 during 
BBCH stages 65-97. List of abbreviations on pages 186-187. 
 
systems N/trap D [%] 
ICMi0 2003 51.8 50.2 
STNie 2003 81.7 70.3 
ICMi0 2004 9.3 27.5 
STNie 2004 12.6 39.4 
 
Tab. 16: Shannon’s index, evenness and Simpson’s index for the staphylinid species without the 
Aleocharinae in the different oilseed rape management systems in Wendhausen in 2003 and 2004. List 
of abbreviations on pages 186-187. 
 
system Shannon-Index Evenness Simpson-Index 
ICMi0 2003 1.19 0.34 0.98 
ICMi0 2004 0.79 0.24 0.96 
STNie 2003 1.17 0.34 0.99 
STNie 2004 1.06 0.32 0.99 
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Tab. 17: Number and dominance of the Staphylinidae without the Aleocharinae in the pitfall traps in different oilseed rape management systems in 
Wendhausen in 2003 during BBCH stages 65-97. Dominance classification according to ENGELMANN (1978). List of abbreviations on pages 186-187. 
 
ICMi0 STNie
species N/trap D [%] species N/trap D [%] 
dominant   eudominant   
Philonthus sordidus 15.8 30.9 Philonthus sordidus 20 58 
Tachinus signatus 12.5 24.4 dominant   
Tachyporus hypnorum 11.9 23.2 Tachyporus hypnorum 5.1 14.8 
Philonthus cognatus 5.3 10.4 Lathrobium fulvipenne 3.7 10.7 
subdominant   subdominant   
Lathrobium fulvipenne 2.7 5.3 Tachinus signatus 1.9 5.5 
recedent   Ocypus tenebricosus 1.2 3.5 
Ocypus tenebricosus 1.1 2.1 Philonthus cognatus 1.1 3.2 
Tachyporus obtusus 0.8 1.6 recedent   
Xantholinus linearis 0.5 1 Tachyporus obtusus 0.5 1.4 
subrecedent   subrecedent   
Philonthus carbonarius 0.2 0.4 Philonthus carbonarius 0.3 0.9 
Sepedophilus testaceus 0.2 0.4 sporadic   
sporadic   Xantholinus linearis 0.2 0.6 
Goerius brunnipes 0.05 0.1 Lathrobium impressum 0.1 0.3 
Lathrobium impressum 0.05 0.1 Sepedophilus testaceus 0.1 0.3 
Mycetoporus splendidum 0.05 0.1 Goerius brunnipes 0.05 0.1 
   Mycetoporus splendidum 0.05 0.1 
   Omalium rivulare 0.05 0.1 
   Rugilus orbiculatus 0.05 0.1 
   Stenus bimaculatus 0.05 0.1 
   Stenus fulvicornius 0.05 0.1 
Σ 51.2  Σ 34.5  
Number of species 13  Number of species 17  
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Tab. 18: Number and dominance of the Staphylinidae without the Aleocharinae in the pitfall traps in different oilseed rape management systems in 
Wendhausen in 2004 during BBCH stages 65-97. Dominance classification according to ENGELMANN (1978). List of abbreviations on pages 186-187. 
 
ICMi0    
species N/trap D [%] species N/trap D [%] 
eudominant   eudominant   
Tachyporus hypnorum 15.9 64.1 Tachyporus hypnorum 12.7 65.5 
subdominant   dominant   
Tachinus signatus 2.3 9.3 Philonthus sordidus 2.5 12.9 
Philonthus sordidus 2 8.1 subdominant   
Philonthus cognatus 2 8.1 Philonthus cognatus 1.5 7.7 
Lathrobium fulvipenne 1.1 4.4 Lathrobium fulvipenne 1 5.1 
recedent   recedent   
Bolitobius cingulatus 0.5 2 Tachinus signatus 0.5 2.6 
Tachinus elongatus 0.3 1.2 Xantholinus linearis 0.5 2.6 
Tachyporus obtusus 0.3 1.2 Tachyporus obtusus 0.5 2.6 
Xantholinus linearis 0.3 1.2 sporadic   
sporadic   Lathrobium longulum 0.05 0.26 
Philonthus carbonarius 0.05 0.2 Neobisnius lathrobioides 0.05 0.26 
   Omalium caesum 0.05 0.26 
   Philonthus tennicornis 0.05 0.26 
Σ 24.8  Σ 19.4  
Number of species 10  Number of species 11  
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Tab. 19a: Sörensen’s quotient and Renkonen’s index for the staphylinid species without the 
Aleocharinae in the different oilseed rape management systems in Wendhausen in 2003 and 2004. 
Compared were the different management systems from the same year. List of abbreviations on pages 
186-187. 
 
 Sörensen’s quotient Renkonen’s coefficient 
ICMi0/STNie 2003 86.7 0.66 
ICMi0/STNie 2004 66.7 0.91 
 
Tab 19b: Sörensen’s quotient and Renkonen’s index for the staphylinid species without the 
Aleocharinae in the different oilseed rape management systems in Wendhausen in 2003 and 2004. 
Compared were the same management systems in the different years. List of abbreviations on pages 
186-187. 
 
 Sörensen’s quotient Renkonen’s coefficient 
ICMi0 2003/ICMi0 2004 69.6 0.56 
STNie 2003/STNie 2004 50 0.41 
 
- Spiders (Araneae): 
 
The activity density of the spiders was in all years of the investigation significantly higher in 
the ICMi0-system than in the two STN-systems (fig. 6). In 2004, the activity density in the 
ICMi0-system was also significantly higher than in the ICMie-system. In 2003, the highest 
activity density of the spiders in all three years was found both in the ICMi0- and in the STNie-
system. 
Table 20 shows the shares of Linyphiidae and Lycosidae of the total number of recorded 
spiders. The main share amounted the Linyphiidae in all years and management systems. In 
2003 and 2005, the share of Lycosidae was between 1.5 and three times higher in the both 
ICM-systems than in the STN-systems. In 2004, there was found a very low share of 


























ICMi0-system ICMie-system STNie-system STNii-system
 
 
Fig. 6: Activity density of the Araneae monitored with pitfall traps in the different oilseed rape 
management systems in Wendhausen in 2003-2005 during BBCH stages 65-97. Letters indicate the 
results from the Mann-Whitney-U-test (2003 and 2004) and the t-test (2005). Columns within one year 
with the same letter are not significantly different for the amount detected (p > 0.05). List of 
abbreviations on pages 186-187. 
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Tab. 20: Share of Linyphiidae and Lycosidae of the total number of Araneae recorded with pitfall 
traps in the different oilseed rape management systems in Wendhausen 2003-2005. Shares which are 






ICMi0 2003 73.9 20.5 
STNie 2003 74.3 12.3 
ICMi0 2004 85.2 0.1 
ICMie 2004 84.9 9.5 
STNie 2004 91 6 
STNii 2004 86.5 9.4 
ICMi0 2005 86.9 10.3 
ICMie 2005 90.8 13.4 
STNie 2005 93.4 4.5 
STNii 2005 94.2 4 
 
Activity density of the epigaeic predators in the autumn 
 
After the sowing of the oilseed rape the pitfall traps were installed in the different 
management systems for eight weeks in 2002 and for three weeks in 2003 and 2004. In 2002, 
there were about nine times as many carabids in the ICMi0- than in the STNie-system (tab. 21). 
The number of carabid species recorded with the pitfall traps was similar in both management 
systems. The Staphylinidae were the least abundant predator group in this year. The Araneae 
showed a high activity density, in 2002 the highest numbers of spiders of all years were found 
in the traps. In 2003, the number of Araneae was lower in the two STN-systems than in the 
ICM-systems. The highest number of spiders was found in the ICMi0-system. The highest 
activity density of the Staphylinidae was recorded in the STNii-system, the lowest activity 
density was found in the ICMi0-system. The same number of Carabidae and a similar number 
of carabid species was found in the two ICM-systems and the STNie-system in 2003. The 
activity density of the ground beetles and the number of recorded carabid species in the STNii-
system was slightly lower. In 2004, the activity density of the Carabidae was clearly higher 
than in 2003. The highest activity density was recorded in the ICMi0-system, the lowest in the 
STNii-system. High numbers of carabid species were recorded in the both ICM-systems, in 
the STN-systems the number of species was lower. The highest activity density of the rove 
beetles was found in the STNii-system, followed by the STNie-system. The numbers of 
Staphylinidae in the ICM-systems were clearly lower. In 2004, the spiders showed their 
highest activity density in the STNie- and in the ICMi0-system, in the ICMie- and the STNii-
system the activity density was clearly lower. 
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Tab. 21: Number of epigaeic predators per trap and week, standard deviation and number of carabid 
species recorded with pitfall traps at BBCH stages 10-19 in 2002, 12-15 in 2003 and 16-19 in 2004 in 
a winter oilseed rape field with different management systems in Wendhausen from 2002-2004. 
Letters indicate the results from the Mann-Whitney-U-test. Values within a row followed by the same 
letter are not significantly different for the amount detected (p > 0.05). List of abbreviations on pages 
186-187. 
 





































































































































Emergence of the epigaeic predators in the winter wheat following the different  
oilseed rape management systems 
 
The emergence of the epigaeic predators in the winter wheat following the different oilseed 
rape management systems was recorded with pitfall traps inside emergence traps. In 2004, the 
wheat following the oilseed rape of 2003, there was no significant difference in the emergence 
of the Carabidae between the ICMi0- and the STNie-system (fig. 7). The number of emerged 
ground beetles was slightly higher in the STNie-system. The same result was found for the 
emergence of the Staphylinidae in 2004 (fig. 8). The number of emerged spiders was 
significantly higher in the STNie- than in the ICMi0-system in this year (fig. 9). In 2005, most 
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carabids emerged in the STNie-system. The lowest numbers of emerged Carabidae were 
recorded in the ICMi0- and the STNii-system (fig. 7). Significantly more staphylinids emerged 
in the ICMie-system than in the other three management systems in this year (fig. 8). The 
lowest numbers of emerged rove beetles were recorded in the ICMi0- and the STNii-system. 
The emergence of the Araneae increased in 2005 with the increasing intensity of the oilseed 
rape management systems of the previous year (fig. 9). The number of emerged spiders was 
significantly higher in the STNii- than in the ICMi0-system. The differences between the two 
years of the investigation were greater than the differences in the emergence of the epigaeic 
predators in the different oilseed rape management systems of the previous year. In 2004, 
clearly less Carabidae, Staphylinidae and Araneae emerged than in 2005. The number of 
carabid species was very similar in both years of the investigation in the ICMi0- and the 
STNie-system (tab. 22). In 2005, the number of recorded carabid species was clearly lower in 
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Fig. 7: Emerged Carabidae in the winter wheat in the previous year’s oilseed rape management 
systems in Wendhausen in 2004 and 2005. Letters indicate the results from the U-test. Columns within 
one year with the same letter are not significantly different for the amount detected (p > 0.05). List of 
abbreviations on pages 186-187. 
 
Tab. 22: Number of carabid species in winter wheat in the year following different oilseed rape 
management systems recorded with soil traps in emergence traps in Wendhausen in 2004 and 2005. 
List of abbreviations on pages 186-187. 
 
 ICMi0 ICMie STNie STNii
2004 18 - 17 - 
2005 17 20 17 14 
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Fig. 8: Emerged Staphylinidae in the winter wheat in the previous year’s oilseed rape management 
systems in Wendhausen in 2004 and 2005. Letters indicate the results from the U-test. Columns within 
one year with the same letter are not significantly different for the amount detected (p > 0.05). List of 




























ICMi0-system ICMie-system STNie-system STNii-system
 
 
Fig. 9: Emerged Araneae in the winter wheat in the previous year’s oilseed rape management systems 
in Wendhausen in 2004 and 2005. Letters indicate the results from the U-test. Columns within one 
year with the same letter are not significantly different for the amount detected (p > 0.05). List of 
abbreviations on pages 186-187. 
 
Temporal coincidence between pest larval dropping and the activity density of the 
epigaeic predators in the different oilseed rape management systems 
 
- D. brassicae: 
 
In 2003, in the ICMi0-system a temporal coincidence was found between the week of the 
highest larval dropping of the first Dasineura generation (BBCH 77-79) and the activity 
density of the carabids (fig. 10a). In the week of the highest larval dropping of the second pod 
midge generation a very high activity density of spiders was found in the ICMi0-system. In the 
STNie-system, there was no temporal coincidence found between the larval dropping of D. 
brassicae and the activity density of the epigaeic predators in 2003 (fig 10b). In the weeks of 
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the highest larval dropping there were found less predators in the STNie- than in the ICMi0-
system. In 2004, the results were very similar to the results from 2003. There was a high 
temporal coincidence between the larval dropping of the first pod midge generation and the 
activity density of the carabids and the highest pest larval dropping of the second Dasineura 
generation and the activity density of the spiders in the ICMi0-system (fig. 10c), and no 
temporal coincidence between pest larval dropping and the activity density of the predators in 
the STNie-system (fig. 10d). In 2005, the highest activity density of the Carabidae and the 
Staphylinidae in the ICMi0-system was before the highest larval dropping of the first pest 
generation (fig. 10e), the highest activity density of the spiders was recorded between the two 
peaks of the larval dropping. The same results were found for the STNie-system (fig. 10g). In 
the ICMie-system, there was only a small peak in the larval dropping for the first Dasineura 
generation (fig. 10f), the activity density of all predator groups was very low in this time. The 
highest activity density both of carabids and spiders was one week before the highest 
dropping of the second pod midge generation. During the week with the highest larval 
dropping, the activity density of the Araneae was still very high in the ICMie-system. In the 
STNii-system, the Staphylinidae showed their highest activity density before the highest pest 
larval dropping (fig. 10h). The highest activity density of the ground beetles and the spiders 
was recorded between the peaks of larval dropping. But the number of Araneae was still 
relatively high during the peak of the dropping of the second Dasineura generation. 
 
- Meligethes spp.: 
 
In 2003, the highest activity density of the Staphylinidae was found in the ICMi0-system 
during the peak of the larval dropping of the Meligethes larvae (fig. 11a). But there were 
recorded only low numbers of rove beetles. The activity density of the Carabidae was also 
relatively high during the peak larval drop, the highest numbers of carabids were found one 
week after the highest larval dropping. The highest activity density of the Araneae was also 
recorded after the dropping of the pollen beetle larvae. In the STNie-system, the staphylinids 
showed also a very high activity density during the time of the highest larval dropping of 
Meligethes spp. (fig. 11b). Both Carabidae and Araneae revealed their highest activity density 
after the larval dropping of the pollen beetle. In 2004, in both management systems the 
activity density of all predator groups reached its maximum after the highest larval dropping 
of Meligethes (fig. 11c & d). In the ICMi0-system the number of carabids in the time of the 
highest larval dropping was higher than in the STNie-system. In 2005, there was a temporal 
coincidence between the larval dropping of Meligethes spp. and the activity density of the 
Staphylinidae and Carabidae in the ICMie-system (fig. 11f) and between the larval dropping 
and the activity density of the Staphylinidae in the STNii-system (fig. 11h). In the STNie- and 
the ICMi0-system, the activity density of the rove beetles and the ground beetles was also 
relatively high during the peak of larval dropping, but all predator groups revealed their 
highest activity density before or after the dropping of the pollen beetle larvae (fig. 11e & g).  
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- C. assimilis: 
 
In 2003, the carabids’ activity density showed a temporal coincidence with the first peak of 
the larval dropping of the Ceutorhynchus assimilis larvae in the ICMi0-system (fig. 12a). 
During the second peak of the pest larval dropping, there was a very high activity density of 
the spiders in this management system. The Staphylinidae revealed their highest activity 
density before the peaks of larval dropping. In the STNie-system, there was a high activity 
density of the carabids and the spiders during the of the larval dropping of C. assimilis, but 
the number of predators was lower than in the ICMi0-system (fig. 12b). In 2004, there was a 
coincidence between the carabids’ activity density and the peak of the dropping of C. 
assimilis larvae in the ICMi0-system (fig. 12c). The spiders showed their highest activity 
density after the highest larval dropping. In the STNie-system, there was a slight increase of 
the spiders’ activity density during the time of the highest larval dropping, but the numbers of 
predators were very low in this time (fig. 12d). Both in the ICMi0- and in the STNie-system 
the staphylinids showed a very low activity density during the time of the highest larval 
dropping of C. assimilis. In 2005, the activity density of the predators was low in the time of 
the highest larval dropping of the Ceutorhynchus larvae in the ICMi0-system (fig. 12e). In the 
ICMie-, the STNie- and the STNii-system, the spiders revealed their highest activity density 
during the time of the highest larval dropping (fig. 12f, g & h). The ground beetles showed a 
high activity densities in this time in the ICMie-system and their highest activity density 
during the peak larval drop in the two STN-systems. The Staphylinidae also revealed 
relatively high activity densities in the times of the highest larval dropping of C. assimilis in 





















List of abbreviations for fig. 10-12 on pages 186-187. 
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D. brassicae STNii Carabidae
Araneae Staphylinidae
 
g: STNie in 2005    h: STNii in 2005 
Fig. 10a-h: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and 
activity density of the epigaeic predators monitored with pitfall traps in a winter oilseed rape field with 
different management systems in Wendhausen from 2003-2005.  
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Meligethes spp. STN Carabidae
Araneae Staphylinidae  






































































































































































g: STNie in 2005    h: STNii in 2005 
Fig. 11a-h: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and 
activity density of the epigaeic predators monitored with pitfall traps in a winter oilseed rape field with 
different management systems in Wendhausen from 2003-2005. 
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Araneae Staphylinidae  
g: STNie in 2005    h: STNii in 2005 
Fig. 12a-h: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps 
and activity density of the epigaeic predators monitored with pitfall traps in a winter oilseed rape field 
with different management systems in Wendhausen from 2003-2005. 
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DISCUSSION 
 
Arthropods in agro-ecosystems are strongly influenced by site-specific factors like soil type, 
macroclimate, topography and hydrogeology and by factors as the intensity of cultivation, 
tillage method, inputs and crop type (WALTERS et al., 2003). The site-specific factors were 
similar in the different oilseed rape management systems in this study, but there were great 
differences in the cultivation intensity and in the use of pesticides. Both the pest and the 
predator populations are influenced by the different conditions in the oilseed rape 
management systems. The plant dissections for the damage caused by Psylliodes 
chrysocephala revealed similar mean values for the ICMi0- and the STNie-system on the one 
hand and for the ICMie- and the STNii-system on the other hand. It seems that the location of 
the management systems in the field (ICMi0- and STNie-system in the southern part and 
ICMie- and STNii-system in the northern part) was more important for the infestation with this 
pest than the cultivation techniques. The plant dissections for Ceutorhynchus pallidactylus 
and C. napi revealed the highest infestations in the plants of the untreated ICMi0-system and 
similar results for the other three management systems. These pest species seem to be mostly 
influenced by the insecticide treatments, the soil cultivation techniques seem to play a minor 
role in regulation of populations of the two stem weevils. The very intense use of insecticides 
in the STNii-system has reduced the infestation of the crop with C. pallidactylus and C. napi 
to zero. The results from 2005 showed good effects of the insecticides used with half dose of 
the agent on the pest populations of C. assimilis and C. pallidactylus and a clear reduction of 
Meligethes larvae compared to the untreated management system. But these are results only 
from one year, further investigations in this direction were desirable. There has to be kept in 
mind that there are resistances of pollen beetle populations against pyrethroids, which could 
be supported by the use of the half dose of the agent. 
In this study pitfall traps were used to monitor the activity density of the epigaeic predators. 
This method has some inadequacies. Trap efficiency seems to vary from insect species to 
insect species, from habitat to habitat, with prevailing and actual weather conditions and with 
the physiological state of the insects (GRÜM, 1959; BRIGGS, 1961; MITCHELL, 1963; 
GREENSLADE, 1964). Conclusions about the absolute population size from pitfall trap catches 
are only possible when the relationship between activity densities and pitfall trap catches is 
known for each species. If mean locomotory activity, the length of the individual activity 
period, the mortality during the activity season and the capture efficiency of the traps are 
known for each species, catches can be translated into mean densities (BAARS, 1979). 
Nevertheless, ecologist use these traps as a measure of relative abundance to compare 
populations in sites and years within the same species (DEN BOER, 1977; MEIJER, 1974). With 
these inadequacies of the method kept in mind a comparison between the different oilseed 
rape management systems of this study is possible, because the methodological disadvantages 
are the same in all management systems. Different factors have to be regarded when 
interpreting the results from pitfall trap catches: It is possible that in unfavourable habitats the 
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locomotory activity will be highest and so the pitfall trap catches could be relatively large 
there (GRÜM, 1971). The probability of a foraging predator contacting a prey item is 
dependent on the predator’s activity (LUFF, 1987). A higher activity of the predators also 
causes probably a higher metabolism rate and a higher requirement of food. 
The comparison of the different oilseed rape management system in this study revealed a 
higher activity density of the epigaeic predators in the ICM-systems than in the STN-systems. 
Different factors in the oilseed rape management systems of this study have probably an 
effect on the predator populations. In the ICM-systems, minimal tillage was used. When 
implemented successfully, non-inversion tillage can reduce mineralization and leaching of 
soil nitrogen and the risk of soil erosion. On the contrary, the STN-systems in this study were 
ploughed. Ploughing provides weed control by burial of weeds and seeds, whereas non-
inversion tillage systems rely on the use of herbicides to control weeds that emerge from the 
post-harvest stubble (CUNNINGHAM et al., 2004). Non-inversion tillage allows the retention of 
ground cover in the form of the previous year’s crop residue, which can provide substantial 
soil and water conservation benefits. The most important impact of ploughing is the complete 
removal of structures provided by organic material and weeds on the soil surface (BÜCHS, 
2003). Increased vegetation litter cover is likely to confer a more sheltered micro-climate. 
ANDERSEN (2003) concluded that the effect of the weed cover was more important than the 
effect of the tillage itself. In this study, the number of weeds was higher in the ICM- than in 
the STN-systems, this may be an important factor having influenced the occurrence of the 
epigaeic predators. THOMAS et al. (1992) found that the overall abundance of predatory 
beetles showed positive relationships with the biomass of dead leaf litter, and also with 
vegetation biomass. Disadvantages of non-inversion tillage include an increased risk of fungal 
diseases and a greater abundance of slugs. But every kind of crop management may cause a 
reduction of arthropod densities through mortality, emigration or habitat disruption. 
Investigations by THORBEK & BILDE (2004) showed that ploughing, superficial soil loosening, 
mechanical weed control and grass cutting have negative effects on epigaeic arthropods. All 
cultivation measures caused a mortality rate of the predators of 25-60%. Indirect effects of 
crop management seem to have a stronger overall impact on arthropod populations than direct 
mortality (THORBEK & BILDE, 2004). Habitat disruption following soil cultivation could lead 
to alterations in soil structure and to changes in prey availability (for example tillage was 
shown to decrease densities of detritivores by HENDRIX et al., 1986). SYMONDSON et al. 
(1996) found that carabid beetles of the species P. melanarius contained more food when 
caught in directly drilled and therefore less disrupted plots than those caught in conventional 
and reduced tillage plots. 
The time of ploughing is important for its degree of damage imposed on the predators 
(THORBEK & BILDE, 2004). The later the ploughing occurs, the more predators will have 
moved deeper in the soil or emigrated in their overwintering quarters. It is assumed that the 
effects of ploughing are less harmful for the predator populations later in the season (BÜCHS, 
2003). Tillage for oilseed rape occurs relatively early in the summer. At that time, it has a 
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significant effect on the emergence of the new generation of spring-breeding carabids 
(BÜCHS, 1994). PURVIS & FADL (2002) found less frequently autumn-breeding species at the 
time of adult emergence in early summer when soil cultivation for crop establishment was 
done in late spring compared with uncultivated or autumn-sown fields. The authors found no 
evidence that cultivation at the time of egg or early larval instars influences the survival of a 
population and concluded that only mortality of late larval and pupal instars caused by 
cultivation has a significant effect on the survival of a population. This may indicate that 
mortality caused by cultivation during earlier phenological development is relatively 
insignificant compared to other causes of early instar mortality. 
In the studies by THORBEK & BILDE (2004), spiders were more affected by management 
practises than carabids, and staphylinids were the most robust group. In the studies of KOPP 
(1998), spiders and staphylinids proved to be most significantly disturbed by soil cultivation 
activities. ANDERSEN (2003) found more carabids in the plots with reduced tillage compared 
to plots with very intense tillage. No such effect was found in his study for the staphylinids. A 
number of investigations have shown that spiders are damaged by tillage and that more 
specimen and more species occur in unploughed than in ploughed fields (HOUSE & STINNER, 
1983; HASKINS & SHADDY, 1986; STINNER et al., 1986). Web-building spiders are linked to 
the configuration of the vegetation because of the specific web attachment requirements 
(RYPSTRA et al., 1999). EYRE et al. (1990) showed that agricultural intensification results in a 
change of ground beetle community with large, relatively slow dispersing species replaced by 
smaller, highly active species. DÖRING & KROMP (2003) compared the carabid communities 
from organically and conventionally managed winter cereal fields and found that species of 
the genus Amara benefit from organic management, especially the species A. aenea, A. 
familiaris and A. similata. They put this down to the fact that these species are partly 
herbivorous (THIELE, 1977) and that a greater number of weed species was found in the 
organically managed fields compared to the conventionally managed fields. In this study, the 
numbers of A. similata were lower in the STN- than in the ICM-systems. This may be caused 
by the higher weed densities in the ICM-systems amongst other factors. Harpalus affinis 
resembles the Amara species in its biology and ecology and also benefits from a lower 
cultivation intensity (BASEDOW et al., 1991). H. rufipes was mentioned indirectly as an 
indicator for lower cultivation intensity by STEINBORN & HEYDEMANN (1990). The authors 
found a sharp decrease of this species after 1950. In this study, the activity density of H. 
affinis did not decrease with increasing management intensity. Pterostichus melanarius 
however seems to benefit from intense agriculture according to several authors (KROMP, 
1985; TIETZE, 1985; WALLIN, 1985). But BASEDOW et al. (1991) characterise this species as 
“decreasing with higher cultivation intensity”, and HOKKANEN & HOLOPAINEN (1986) found 
this species benefiting from organic practises. This could be confirmed only in one year of 
this study. In the other two years, the activity density of P. melanarius was higher in the ICM- 
than in the STN-systems. 
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RUSHTON et al. (1989) found that management factors directly affecting the substrate had a 
greater effect on ground beetle communities than pesticide applications. Pesticides are a 
potential thread to polyphagous predators, either by reducing numbers directly or indirectly 
by eliminating food resources and disturbing habitat niches (PFIFFNER & LUKA, 2003). 
Compared with that, herbicide use may influence indirectly by reducing crop flora. Especially 
at least partly phytophagous species benefit from the presence of weeds. BÜCHS (1991) 
showed that even seed treatments with insecticides can have severe effects on epigaeic 
predators, because even predatory species are partly phytophagous and will feed on the seeds. 
Contamination of predators is possible by direct contact with the chemicals during the time of 
application. The predators may also come into contact with the pesticides by running over 
sprayed soil or plants. They can absorb pesticides within the food chain (SUNDERLAND, 1992). 
MULLIÉ & EVERTS (1991) showed that poisoning of Oedothorax apicatus, the most abundant 
money spider in fields, results mainly from contamination on the soil surface and less from 
food intake or direct spray contact. A fast recovery of populations after application can occur 
only when unsprayed favourable habitats are nearby (JEPSON, 1989). For some predators, re-
population of a field can take considerable time (RZEHAK & BASEDOW, 1982). DINTER & 
POEHLING (1995) concluded that the time for linyphiid populations to recover from insecticide 
sprays depends on the distance to unsprayed areas. PALOSZ (1997) showed that the abundance 
of epigaeic predators was significantly reduced in a field where intensive chemical crop 
protection occurred. LEE et al. (2001) found that the activity density of carabids was 
immediately reduced after insecticide applications. FREULER et al. (2003) found a reduction of 
Linyphiidae and Carabidae after insecticide treatment, but not a modification of species. 
HUUSELA-VEISTOLA (1998) observed a higher spiders’ density in fields without pesticide 
treatments compared to fields with pesticide treatments. The activity density of Erigone atra 
males can be almost completely suppressed for several weeks after spraying with λ-
cyhalothrin (DINTER & POEHLING, 1992). Spiders that are active at night are less exposed than 
those with diurnal activity. Juvenile stages are more susceptible than adults. Males are more 
affected than females because of their greater activity range (DINTER, 1995). The effects of 
insecticide spraying depend on the plant density, the growth stage of the crop and the plant 
architecture (ALFORD et al., 2003). The filter effect of the crop at later BBCH stages (RAW, 
1989; ÇILGI & JEPSON, 1992; WILES & JEPSON, 1995) has to be considered as an important 
effect for the epigaeic fauna. Species that live in the higher parts of the crop are more exposed 
to the effects of pesticides than those which live on the ground (JEPSON, 1989; VICKERMANN, 
1992). In oilseed rape, the direct exposure of the epigaeic arthropods is relatively low because 
of the high vegetation density, especially in the later growth stages (BÜCHS, 2003). But in the 
autumn, the crop canopy has no filtering effect. This may have a negative effect on the 
epigaeic predators, especially linyphiid spiders (ÇILGI & FRAMPTON, 1994). Predators can 
escape the pesticides either because they migrate into the field after the insecticide treatment 
or because they are on the soil surface which the insecticide might not reach (ALFORD et al., 
2003). KNAUER & STACHOW (1987) demonstrated that oilseed rape fields can build important 
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refuges for epigaeic predators in June and July, when often insecticides are sprayed in other 
crops like winter wheat. An increasing activity density of the most frequent carabid species 
could be shown. 
In this study pyrethroids have been used. Neurologically active insecticides like pyrethroids 
can cause hyperactivity which can be the reason for increased predator catches in the pitfall 
traps, giving a misleading impression of pesticide effects (FREULER et al., 2001). The effects 
of pyrethroids depend on the temperature and the soil moisture when they are applied. Their 
efficiency is enhanced at low temperatures (HARRIS & TURNBULL, 1978). Most insecticides 
treatments in oilseed rape take place in autumn or spring at relatively low temperatures. 
FRAMPTON & ÇILGI (1993) found the strongest adverse effects on linyphiid spiders after an 
treatment in autumn. MULLIÉ & EVERTS (1991) found a stronger effect of pyrethroids on 
spiders on soil with a high moisture. 
The effects of pesticides on the epigaeic predators depends on the time of application and on 
the lifecycles of the predators (GOLTERMANN, 1994). Applications made when the predators 
will still be overwintering outside the field may not have such strong effects on the predators. 
Insecticide treatments which coincide with the reproductive period of the predators, when 
these are highly active in the field (BÜCHS, 2003) are possibly more harmful. Such 
applications may have long-lasting effects on the predator populations because reproduction 
is disturbed. Re-establishment of predator populations may be achieved by re-invasion from 
adjacent areas or by survivors in the field. Recovery is governed by the availability of 
resources, the rate of dispersion and the scale of insecticide treatment and can only begin 
when the repellent effects of the chemicals are no longer felt, and provided there is no lack of 
food and no mortality due to residual toxicity (JEPSON & THACKER, 1990). 
The field margins have an important effect on the predator populations. According to KNAUER 
& STACHOW (1987), STACHOW (1988) and GOLTERMANN (1989, 1994), the greatest number 
of carabid species and their highest activity density in oilseed rape fields have been found 
near the field margins, especially if the fields are adjacent to uncultivated habitats. With 
increasing distance from the field margins, a reduction both of carabid species and specimen 
can be observed. In this study, the ICM-systems were nearer to a hedgerow (2002, 2003 and 
2005) or a wood (2004) than the STN-systems. In return, the STN-systems laid in 2003 nearer 
the wood. The adjacent areas were considered to harbour high arthropod densities and 
function as starting point for a colonisation of the field. Carabids leave oilseed rape fields in 
autumn to overwinter in field margins (GOLTERMANN, 1994). The provision of overwintering 
refuges has important implications for the conservation of invertebrate diversity. The field 
margins provide a different habitat to that of the crop and so support additional species, some 
of which may also move into the crop. Hedgerows contain taller and more diverse vegetation 
compared with field margins (PYWELL et al., 2005). The field edges are used for 
overwintering, harbouring high densities of Coleoptera (SOTHERTON, 1984) which then 
disperse into the crop during spring (COOMBES & SOTHERTON, 1986). HOLLAND et al. (2001) 
found the highest carabid diversity near to field boundaries. Studies in Germany showed that 
- 57 - 
1. Comparison of different winter oilseed rape management systems regarding the infestation of the 
crop with insect pests and the effects on epigaeic predators 
in contrast to temporary habits like fields or margins of annual succession long-lasting border 
structures have an important significance as overwintering habitat for epigaeic arthropods 
(KOPP, 1998). PYWELL et al. (2005) found a significantly higher abundance and species 
richness of carabids and spiders in hedgerows compared with field margins. It was concluded 
that hedgerows provided the highest quality overwintering habitat for invertebrates. 
Vegetation cover seems to be an important factor regulating high densities of overwintering 
arthropods (THOMAS et al., 1992). Patches of ground with a high vegetation cover tend to 
freeze less frequently or suffer less intense frost. So arthropods are protected (SOTHERTON, 
1985). This is supported by BÜRKI & HAUSAMANN (1993) who observed the highest densities 
of arthropods overwintering in wildflower areas under plant species with a high vegetation 
cover (Achillea millefolium, Arctium minus, Symphytum officinale) and lowest arthropod 
densities under plants with little vegetation cover (Agrostemma githago, Chenopodium 
polyspermum). 
The spiders were more affected by the conditions in the STN-systems than the ground beetles 
and rove beetles in this study. In all years, the highest activity density of spiders was found in 
the untreated ICMi0-system. The comparison of the four different management systems 
suggests that there is a positive influence of the minimal tillage in the ICM-systems on the 
spiders’ activity density and that insecticide treatments with the half dose of the agent do not 
have such a strong effect as the sprays with the full dose. The different conditions in the 
management systems seem to have stronger affected the activity density of the ground beetles 
than the species composition. The Sörensen’s quotient for the different management systems 
in the same year revealed a high species similarity for all pairs. The comparison of the same 
management systems in different years revealed greater differences in the species 
composition. The results of the calculation of the Renkonen’s coefficient revealed a high 
similarity in the dominance structure of the Carabidae of the different oilseed rape 
management systems in the same year. The carabids were even less affected by the insecticide 
treatments with the half dose of the agent in the ICMie-system than the spiders. The minimal 
tillage had a positive effect on the ground beetles’ activity density compared to the ploughed 
management systems. For the staphylinids no significant differences between the activity 
densities in the oilseed rape management systems were found in this study. The effects of the 
conditions in the different management systems on species similarity and dominance structure 
of the Staphylinidae were not so clear like for the Carabidae. The rove beetles seem to more 
influenced by the position of the management systems in the field and therefore by adjacent 
areas or by wind direction than by the insecticide treatments or the soil cultivation techniques. 
The activity density of the Carabidae and Araneae in the autumn after sowing of the oilseed 
rape reflects the results from the summer catches. The catches of carabids and spiders were 
higher in the untreated ICMi0-system, the staphylinids showed a higher activity density in the 
STN-systems. Regarding the hatching of the epigaeic predators in the winter wheat which was 
sown in the year after the oilseed rape, the differences between the years were greater than 
these between the previous year’s management systems. The hatching of the epigaeic 
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predators in the following year’s winter wheat was lower in the last year’s ICMi0- than in the 
STNie-system. The positive effect of the integrated system on the predators seems not to 
maintain in the second year. In 2004, this may be caused by insecticide treatments, which 
were mistakenly carried out in both previous year’s management systems. 
A consequence of the different management intensities is the weaker temporal coincidence 
between the pest larval dropping and the activity density of the epigaeic predators in the STN-
systems compared to the ICM-systems. Regarding the larval dropping of D. brassicae, the 
temporal coincidence of the activity density of the predators was much clearer in the 
integrated systems than in the STN-systems in all years. Especially the ground beetles and the 
spiders showed high activity densities during the dropping of the pod midge larvae. The 
Staphylinids showed a temporal coincidence of their activity density with the larval dropping 
of Meligethes spp.. Because the rove beetles were not so heavily influenced by the different 
conditions in the management systems in this study, there was also a high activity density of 
these predators in the STN-systems during the larval dropping. Regarding the larval dropping 
of C. assimilis, all three predator groups showed in at least one year a temporal coincidence of 
their activity density. In all years, the activity density of the epigaeic predators during the 
peak larval drop was higher in the ICMi0- than in the STNie-system. In 2003 and 2005, high 
numbers of the carabid species Loricera pilicornis were recorded with the pitfall traps. L. 
pilicornis is a specialised collembolan predator (BAUER, 1982). So a considerable share of the 
caught predators will not have had an effect on the pest populations in these two years.  
The effect of the epigaeic predators on the pest populations can be read from the hatching of 
the new pest generations. The estimates of pest mortalities are based on emergence trap 
catches. These may have been reduced by the presence of spiders, which often placed a web 
in the exit hole of the trap. The average share of emerged new Meligethes spp., C. assimilis 
and C. pallidactylus pests was lower in the ICMi0-than in the STNie-system. The average 
share of emerged adult pod midges was nearly the same in the two management systems. The 
240 and 920% higher hatching of C. pallidactylus in the ICMi0-system in 2005 and in the 
STNie-system in 2003 may be explained with a very uneven distribution of the emerged adult 
pests in the traps. The Boxplots (fig. I & II in the appendix) show that there were some 
outliers which probably have caused the phenomenon. The reduction of the share of emerged 
new adult pests is a strong indication for the importance of epigaeic arthropods as antagonists 
of oilseed rape pest populations. Pest larvae mortality resulting from non-predatory factors 
(fungal infections, dryness of the soil, soil humidity and parasitoids) can reach 80-90% in case 
of D. brassicae (BÜCHS & NUSS, 2000) and is the most important factor in reducing pest 
numbers; a slight additional increase of mortality caused for example by predators can result 
in a breakdown of the pest population or at least in a prevention of a pest outbreak in the 
following season (BÜCHS, 2003). According to SCHERNEY (1959), the ground beetle Clivina 
fossor caused 60-65% mortality in pollen beetle larvae; similar results were found by 
BONNEMAISON (1957) for cabbage seed weevil larvae. GOLTERMANN (1994) attributed 20% 
(the average value in a three-year experiment) of the mortality of Meligethes larvae to a direct 
- 59 - 
1. Comparison of different winter oilseed rape management systems regarding the infestation of the 
crop with insect pests and the effects on epigaeic predators 
effect of epigaeic predators. Of course, predatory efficacy is strongly influenced by pest 
availability and the period in which epigaeic predators can prey upon the pest larvae. 
According to GOLTERMANN (1994), the mortality of pollen beetle larvae can be considerable, 
if the predators have unlimited access during the whole larval dropping (75.8% in average). If 
access is possible only after this period, the mortality of the larvae resulting from epigaeic 
predators is far less (25.8%). Studies by BÜCHS & NUSS (2000) revealed a reduction of the 
emergence of the new pest generation caused by epigaeic predators of 51% for the cabbage 
seed weevil, 56% for the pollen beetle, 58% for the brassica pod midge and 82% for the 
cabbage stem weevil. BÜCHI (2002) showed that over three years an average of 20% of the 
total Meligethes mortality was caused by predators. The significance of predation also 
depends on the soil type and structure. LEUCHS (1956) found a positive correlation between 
the clay content of the soil and the mortality of pollen beetle. NILSSON & ANDREASSON (1987) 
showed that the significance of predation is higher in soils that do not crack. On such soils the 
pest larvae spend more time on the surface, where they are exposed to the predators. The soil 
in this study cracked strongly when it was dry, possibly a property which reduced the effect of 





The infestation with oilseed rape pests was higher in the ICMi0- than in the STNie-system. 
The yield levels were higher in the STN-systems than in the ICM-systems. 
The ICM-systems had a positive influence on the activity density of the Carabidae. The 
different conditions in the management systems have stronger affected the activity density of 
the carabids than the species composition which was very similar in the management systems. 
The spiders showed a significantly lower activity density in the two STN-systems and the 
ICMie- system compared to the ICMi0-system. Their occurrence can be supported by a low 
management intensity. The Staphylinidae have not been significantly influenced by the 
different management systems. 
The reduction of the pest larvae and therefore of the hatching of the new pest generations was 
higher in the ICMi0- than in the STNie-system. This effect continues in the following crop 
winter wheat, the share of emerged adult pests was lower in the last year’s ICMi0-system 
compared to the STNie-system. 
The average share of emerged Meligethes spp., C. assimilis and C. pallidactylus pests of the 
new generation was lower in the ICMi0-than in the STNie-system. The average share of 
emerged adult pod midges was nearly the same in the two management systems. The average 
share of emerged pests in the following crop winter wheat was also lower in the ICMi0- than 
in the STNie-system. These results are a clear indication for the influence of the epigaeic 
predators on the pest populations. 
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SUMMARY 
 
The influence of different oilseed rape management systems on the activity density of 
Carabidae, Staphylinidae and Araneae and the infestation of the crop with insect pests has 
been investigated in Wendhausen from 2002 to 2005. Four management systems were 
studied: Two Integrated Crop Management (ICM) systems with minimal tillage and without 
insecticide treatments (ICMi0) and with insecticide sprays (ICMie) and two ploughed 
standardised oilseed management systems (STN) with insecticide treatments after economic 
pest thresholds were exceeded (STNie) and with sprays irrespective of pest thresholds (STNii). 
The activity density of the predators was monitored after the sowing of the oilseed rape and 
from flowering of the crop until harvest with pitfall traps, the dropping of the pest larvae from 
the oilseed rape canopy was recorded with funnel traps. The emergence of the new pest 
generations was monitored with emergence traps (photoeclectors). In the following crop 
winter wheat the hatching of the pests was recorded with emergence traps, the hatching of the 
predators was recorded with pitfall traps in the emergence traps. 
The average infestation of the crop with P. chrysocephala was similar in the ICMi0- and the 
STNie-system and higher than in the ICMie- and the STNii-system. The average infestation of 
the plants with the stem miners C. pallidactylus and C. napi was higher in the ICMi0-system 
than in the other three management systems. The average infestation of the main racemes of 
the crop with D. brassicae in this study was clearly lower in the ICMie-system than in the 
other three management systems. The average numbers of pest larvae recorded with funnel 
traps was clearly lower in the STNie- than in the ICMi0-system. The investigation of the four 
management systems revealed decreasing numbers of larvae of C. assimilis and Meligethes 
spp. with increasing management intensity. 
The activity density of the epigaeic predators was clearly higher in the ICMi0- than in the 
STNie-system in all years of the investigation. Especially the activity density of the spiders 
and carabids was significantly influenced by the different management systems. The temporal 
coincidence between pest larval dropping and activity density of the predators was higher in 
the ICMi0- than in the STNie-system. During peak larval drop, there was a higher activity 
density in the untreated management system compared to the standardised management 
system. The activity density of the ground beetles and spiders in the autumn after sowing of 
the oilseed rape reflects the results from the summer catches. The activity density of carabids 
and spiders was higher in the untreated ICMi0-system, the staphylinids showed a higher 
activity density in the STN-systems. The hatching of the epigaeic predators in the following 
year’s winter wheat was lower in the last year’s ICMi0- than in the STNie-system. 
The share of emerged adult pests of the new generation was used to estimate the influence of 
the epigaeic predators on the pest populations. The average share of emerged pests of the new 
generation in the oilseed rape was lower in the ICMi0- than in the STNie-system or at least 
nearly the same in the case of D. brassicae. The average share of emerged pests in the 
following crop winter wheat was also lower in the ICMi0- than in the STNie-system. 
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Fig. I: Boxplot diagram showing the number of emerged C. pallidactylus in a winter oilseed rape field 
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Fig. II: Boxplot diagram showing the number of emerged C. pallidactylus in a winter oilseed rape 
field with different management systems in Wendhausen in 2005 (Boxplot). List of abbreviations on 
pages 186-187. 
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2. Assessment of the spatio-temporal within-field distribution of 





Ground beetles (Coleoptera: Carabidae), rove beetles (Coleoptera: Staphylinidae) and spiders 
(Araneae) are the main epigaeic arthropods in oilseed rape (BÜCHS & ALFORD, 2003). These 
polyphagous predators prey upon the larvae of oilseed rape pests, for example of the brassica 
pod midge (Dasineura brassicae), the pollen beetle (Meligethes spp.) and the cabbage seed 
weevil (Ceutorhynchus assimilis), which drop to the soil for pupation. The oilseed rape pest 
larvae can feature as important components of the diet of the epigaeic predators (BÜCHS & 
ALFORD, 2003). The level of interaction between predators and pest larvae in the field 
depends on their spatial and temporal coincidence. A predator is more likely to be effective 
for pest control if it exhibits a density-dependent response to pests (HOLLAND et al., 2004).  
Many abiotic and biotic factors can influence the spatio-temporal distribution of an insect 
species within a crop. These factors include physical factors like soil type (THIELE, 1977), soil 
pH (GRUTTKE & WEIGMANN, 1990) and soil moisture (HENGEVELD, 1979) and also 
characteristics such as vegetation cover with weeds (SPEIGHT & LAWTON, 1976) or 
differences in crop density (HONEK, 1988). Adjacent non-crop areas provide overwintering 
sites and can also influence the within-field distribution of arthropods (COOMBES & 
SOTHERTON, 1986; JENSEN et al., 1989; RIEDEL, 1992; HOLOPAINEN, 1995). The presence of 
other species (prey, predators, parasitoids) may also influence the distribution of an insect 
population (FERGUSON et al., 2006). Some species can locate areas with high prey density 
(BRYAN & WRATTEN, 1984; HANCE, 1987), the pest’s spatial distribution however may be 
affected by that of its natural enemy, possibly leading to spatial dissociation between them 
(PERRY, 1998a). Interactions between these factors are likely and it is their combined effect, 
in conjunction with inter- and intra-species relationships, that determines an insect 
population’s distribution (HEMPTINNE et al., 1992). 
Successful integrated pest management strategies for crops rely on understanding the spatial 
and temporal relationships of pests and their naturally-occurring biological control agents 
within the crop (WINDER et al., 1999; WILLIAMS, 2004). The study of spatio-temporal 
distributions of insect populations can provide valuable information for targeting insecticide 
applications to reduce pesticide use and to conserve beneficial insects (MURCHIE et al., 1997; 
HOLLAND et al., 1999; FERGUSON et al., 2003). It can also be used to improve sampling 
methodology for decision support (THIOLOUSE, 1987). Investigating the spatial distribution of 
individual species can increase our understanding of their ecology. Additional evaluation of 
the temporal dynamics can provide information relating to the value of a predator for pest 
control (HOLLAND et al., 2004). Studies of insect spatial pattern are still relatively rare, 
predominantly because of the intense sampling effort required to gain such information. 
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Traditional statistical methods do not utilize the additional information concerning the spatial 
location of the sampling point. SADIE (Spatial Analysis by Distance IndicEs) can detect the 
degree of spatial pattern in spatially-referenced count data (PERRY, 1998a & b; PERRY et al., 
1999; WINDER et al, 2001). The SADIE technique makes full use of the data concerning each 
count and the two-dimensional co-ordinates of the sampling points. SADIE employs 
randomizations that condition on the observed counts and permute them amongst the 
sampling points. The randomizations conform to the null-hypothesis that the observed counts 
are arranged randomly amongst the sampling points. By comparison of the observed 
arrangement with these randomizations, indices of aggregation and corresponding tests of the 
null-hypothesis are derived. These relate to the overall degree of aggregation in the entire 
arrangement. PERRY et al. (1999) have extended these methods to provide an index of 
clustering for each of the sampling points, to measure the degree to which the observed count 
at each point contributes to this overall aggregation. The clusters are identified separately, 
either as patches which neighbouring points have counts relatively larger than the mean, or as 
gaps which neighbouring points have relatively small counts. SADIE was also augmented by 
PERRY (1998b) to provide indices of spatial association for two different species which share 
the same sampling points. 
It was assumed that there are key predator species of the different oilseed rape pests which 
show a high spatio-temporal association with the phenology of the pests and which can be 
determined by analysing the spatial and temporal distributions. Especially the times of the 
strongest pest larval dropping are of great importance for a high predatory influence on the 
pest populations. The MASTER-project aimed at identifying these key predator species in 
oilseed rape in Germany for the first time. It was also assumed that the cultivation techniques 
in an integrated crop management system support a spatio-temporal association between the 
predators and the pests in contrast to a standardised oilseed rape management system. In this 
chapter, the spatio-temporal relationships between the epigaeic key predators and the pest 
larval dropping in an oilseed rape field in Wendhausen in 2003 and 2004 are described. 
 
 
MATERIAL AND METHODS 
 
The spatio-temporal relationships between oilseed rape pest larvae and epigaeic predators 
(carabids, staphylinids and spiders) have been investigated in 2003 and 2004 in a winter 
oilseed rape field with an ICM-system (Integrated Crop Management) and a STN-system 
(standardised oilseed rape management) in Wendhausen, Germany (see chapter 1, table 1). 
Traps for both pests and predators have been arranged in a two-dimensional array of 49 
spatially-referenced sampling points during the growing season (BBCH 65-97) (see chapter 1, 
fig. 3b). 21 sampling points were located in each system, seven sampling points were on the 
boundary between the two management systems. A grid of sampling points was used with  
12 m spacing. At each sampling point one pitfall trap has been used to monitor the predators’ 
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activity and one funnel trap has been placed under the rape canopy to monitor pest larval 
dropping (chapter 1, fig. 2b & c). The traps have been emptied once a week. 
The spatial relationship between the pest larvae and the epigaeic predators has been analysed 
using SADIE-analysis (PERRY et al., 1999). The SADIE techniques were developed 
specifically for clustered ecological count data, in which patterns are dynamic and patchy, 
where are frequently a large amount of zero counts and abundance has a non-stationary 
covariance structure. Such data is inappropriate for geostatistical analysis. Spatial pattern was 
studied by computation of the overall SADIE index Ia based on distance to regularity together 
with its associated probability Pa. The SADIE technique calculates the degree of clustering in 
the form of “patches” of large counts, using the overall index νi and its associated probability 
Pi, and of “gaps” of small counts, using the overall index νj and its associated probability Pj. 
For a particular set, if all of these indices have values around unity, conformation of the data 
to the null hypothesis of spatial randomness is indicated, a value of at least one index 
significantly above unity indicates spatial non-randomness. The location of patch and gap 
clusters has been illustrated using Surfer software (Surfer 8, Golden Software, Inc, Colorado, 
USA) where contours correspond to the 95th centiles of the randomisation distributions of the 
indices (PERRY et al., 1999). Spatial association was calculated in two ways: within-species 
associations using data from successive sampling occasions, and between-species associations 
using data from the same sampling points. To determine whether the patterns of the predators 
were associated with that of the oilseed rape pests, the correlation coefficient X (Chi) between 
the clustering indices of each set was calculated. If the indices of set one are denoted zi1, with 
mean q1, and those of set two zi2, with mean q2, then a measure of local spatial association for 
position i is given by: 
2/1
22112211 )²]()²(/[))(( qzqzqzqzn iiiiiii −Σ−Σ−−=Χ  
 
The overall spatial association is the mean of these local values, X = ΣiXi / n. Values of X  
are > 0 for distributions that are associated, around zero for distributions positioned at random 
with respect to one another, and < 0 for distributions that are dissociated. The significance of 
X is tested by comparison with randomisations in which values of the local cluster indices are 
reassigned amongst the sample points (PERRY, 1998a). 
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RESULTS 
 
Temporal coincidence between pest larval dropping and  
the activity density of the epigaeic predators 
 
- D. brassicae: 
 
The temporal coincidence between the dropping of the pod midge larvae and the activity 
density of the predator species which were most abundant in the time of the highest larval 
dropping was examined. Regarding the most abundant carabid species in 2003, nearly all 
species showed a high temporal coincidence with the highest larval dropping of the first 
Dasineura generation in the ICM-system (fig.1a-c). Amara similata, Stomis pumicatus, 
Notiophilus biguttatus and Harpalus rufipes showed their highest activity density in this 
week. The highest activity densities of Anchomenus dorsalis, Carabus cancellatus and 
Pterostichus melanarius were recorded before the first peak of the larval dropping of the pod 
midge, but their activity density was also very high in that week. In the week of the highest 
larval dropping of the second pod midge generation, all carabid species except A. similata and 
S. pumicatus showed a very low activity density in the ICM-system. In the STN-system, only 
the activity density of S. pumicatus during the first peak and that of A. similata during the 
second peak of the larval dropping of D. brassicae were quite high (fig. 1d-f). In 2004, there 
was a clear temporal coincidence between the activity density of A. similata and the highest 
larval dropping of the first Dasineura generation in the ICM-system (fig. 2a). The activity 
density of H. rufipes was very high during the second peak of the dropping of the pod midge 
larvae in this management system (fig. 2b). In the STN-system, H. rufipes was very abundant 
in both weeks with the highest larval dropping, A. similata showed a high activity density 
during the second peak of the larval dropping (fig. 2c & d). 
There was a clear temporal coincidence between the activity density of the Aleocharinae and 
the first week of the highest larval dropping of the pod midge in the ICM-system (fig. 3a) and 
between the activity density of Tachyporus hypnorum and the strongest dropping of the first 
Dasineura generation in the STN-system in 2003 (fig. 3d). In 2004, in the ICM-system no 
temporal coincidence was found regarding the activity density of the most abundant 
Staphylinidae species and the larval dropping of Dasineura brassicae (fig. 4a). In the STN-
system, the highest activity density of T. hypnorum was recorded during the peak of the 
dropping of the first pod midge generation (fig. 4b). 
Both in 2003 and in 2004, there was no temporal coincidence between the activity density of 
the Lycosidae and the larval dropping of Dasineura brassicae. In both years a very high 
activity density of the Linyphiidae was recorded in the week of the highest larval dropping of 
the second pod midge generation in the ICM-system (fig. 5a & 6a). In the STN-system, the 
activity density of the Linyphiidae was quite high in both years during the second peak of the 
dropping of the Dasineura larvae, but clearly lower than in the ICM-system (fig. 5b & 6b). 
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Fig. 1a-c: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and activity density of the most abundant carabid species 
monitored with pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) in Wendhausen in 2003. 
 






























































































































































































D. brassicae STN CARCAN
HARRUF PTEMEL  
 
Fig. 1d-f: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and activity density of the most abundant carabid species 
monitored with pitfall traps in a winter oilseed rape field with standardised crop management (STN) in Wendhausen in 2003. 
List of abbreviations on pages 186-187. 
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Fig. 2a & b: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and activity density of the most abundant carabid species 
































































































































































































Fig. 2c & d: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and activity density of the most abundant carabid species 
monitored with pitfall traps in a winter oilseed rape field with standardised crop management (STN) in Wendhausen in 2004. 
a b
d
List of abbreviations on pages 186-187. 
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D. brassicae ICM PHICOG
TACSIG TACHYP  
 
Fig. 3a & b: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and 
activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with Integrated Crop Management (ICM) in Wendhausen in 2003. 
 




























































































D. brassicae STN PHICOG
TACSIG TACHYP  
 
Fig. 3c & d: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and 
activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with standardised crop management (STN) in Wendhausen in 2003. 
 
Fig. 4a & b: Phenology of the dropping of Dasineura brassicae larvae recorded with funnel traps and 
activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management 
(STN) (b) in Wendhausen in 2004. 
 











































































































D. brassicae STN Aleocharinae
PHICOG TACHYP  
List of abbreviations on pages 186-187. 
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D. brassicae STN Lycosidae Linyphiidae
 
 
Fig. 5a & b: Phenology of the dropping of D. brassicae larvae recorded with funnel traps and activity density of Linyphiidae and Lycosidae monitored with 





















































































































































































D. brassicae STN Linyphiidae Lycosidae
 
 
Fig. 6a & b: Phenology of the dropping of D. brassicae larvae recorded with funnel traps and activity density of Linyphiidae and Lycosidae monitored with 
pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management (STN) (b) in Wendhausen in 2004. 
a b
b
List of abbreviations on pages 186-187. 
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- Meligethes spp.: 
 
In 2003, Poecilus cupreus, H. affinis, A. dorsalis, P. melanarius and Nebria brevicollis had 
their highest activity density in the time of the highest larval dropping of Meligethes in the 
ICM-system. N. biguttatus showed also a very high activity density in this period of time (fig. 
7a-c). The activity density of the most abundant carabid species A. similata was very low 
during the time of the highest larval dropping (fig. 7a). In the STN-system, there was a clear 
temporal coincidence between the activity density of P. cupreus and of A. dorsalis and the 
pest larval dropping (fig. 7d & e). The activity density of P. macer was also quite high in the 
time of the highest larval dropping of Meligethes in this management system (fig. 7f). In 
2004, the highest activity densities of A. dorsalis and H. rufipes were recorded in the ICM-
system in the time of the highest dropping of the pollen beetle larvae, but their activity was 
very low in total (fig. 8a). P. cupreus showed also a small peak in its activity density in the 
week with the highest larval dropping, but the numbers of caught specimen were low in total. 
The other carabid species showed no temporal coincidence with the larval dropping of 
Meligethes (fig. 8a & b) in the ICM-system. There was a small peak in the activity density of 
H. rufipes in the STN-system during the time of the highest dropping of Meligethes larvae, 
but as in the ICM-system, the activity density of this species was very low in total (fig. 8d). 
The other carabid species showed no temporal coincidence with the larval dropping of 
Meligethes in the STN-system (fig. 8c & d). 
In 2003, a very high activity density of the Aleocharinae and of Tachinus signatus was 
recorded in the ICM-system during the peak of the larval dropping of the pollen beetle  
(fig. 9a & b). In the STN-system, a temporal coincidence between the activity density of T. 
hypnorum and the dropping of the Meligethes larvae was recorded (fig. 9d). In 2004, neither 
in the ICM- nor in the STN-system a temporal coincidence between the activity density of 
staphylinid species and the larval dropping of Meligethes spp. could be found (fig. 10a & b). 
The activity density both of the Linyphiidae and of the Lycosidae was very low during the 
peak of the larval dropping of Meligethes spp. in both management systems in 2003 and in 
2004 (fig. 11a & b and 12a & b).  
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Fig. 7a-c: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and activity density of the most abundant carabid species monitored 
with pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) in Wendhausen in 2003. 
 

































































































































































































Fig. 7d-f: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and activity density of the most abundant carabid species monitored 
with pitfall traps in a winter oilseed rape field with standardised crop management (STN) in Wendhausen in 2003. 
List of abbreviations on pages 186-187. 
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Fig. 8a & b: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and activity density of the most abundant carabid species monitored 





























































































































































































Fig. 8c & d: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and activity density of the most abundant carabid species monitored 
with pitfall traps in a winter oilseed rape field with standardised crop management (STN) in Wendhausen in 2004. 
a b
d
List of abbreviations on pages 186-187. 
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TACSIG TACHYP  
 
Fig. 9a & b: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and 
activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with Integrated Crop Management (ICM) in Wendhausen in 2003. 
 
Fig. 10a & b: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and 
activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management 
(STN) (b) in Wendhausen in 2004. 

































































































TACSIG TACHYP  
 
Fig. 9c & d: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and 
activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with standardised crop management (STN) in Wendhausen in 2003. 
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Meligethes STN Linyphiidae Lycosidae
 
 
Fig. 11a & b: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and activity density of Linyphiidae and Lycosidae monitored with 

























































































































Meligethes STN Linyphiidae Lycosidae
 
 
Fig. 12a & b: Phenology of the dropping of Meligethes spp. larvae recorded with funnel traps and activity density of Linyphiidae and Lycosidae monitored with 
pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management (STN) (b) in Wendhausen in 2004. 
a b
b
List of abbreviations on pages 186-187. 
a
2. Assessment of the spatio-temporal within-field distribution of pest larvae and epigaeic predators  
in different oilseed rape management systems 
- 83 - 
- C. assimilis: 
 
In 2003, P. cupreus, S. pumicatus, N. biguttatus and H. rufipes developed their highest 
activity density during the time of the highest larval dropping of the two Ceutorhynchus 
species in the ICM-system (fig. 13a-c). A. dorsalis showed also a very high activity density 
during this period of time. In the STN-system, no temporal coincidence between the activity 
density of the carabid species and the larval dropping of C. assimilis could be found (fig. 13d-
f). The same result was found in the STN-system in 2004 (fig. 14c & d). In the ICM-system, 
only A. similata showed a high activity density during the time of the highest larval dropping 
of the two Ceutorhynchus species (fig. 14a & b). 
Regarding the staphylinid species, a high temporal coincidence with the larval dropping was 
found for the Aleocharinae in the ICM-system and for Philonthus cognatus in both 
management systems in 2003 (fig. 15a-d). In 2004, the Aleocharinae developed their highest 
activity density in the ICM-system during the time of the highest dropping of the 
Ceutorhynchus larvae (fig. 16a). In the STN-system, no temporal coincidence between the 
larval dropping and the activity density of the staphylinid species could be found (fig. 16b). 
In both years of the investigation, the activity density both of the Linyphiidae and the 
Lycosidae was very low in the ICM-system in the time of the highest dropping of the 
Ceutorhynchus larvae (fig. 17a & 18a). In the STN-system, the first peak of the activity 
density of the Linyphiidae was in the time of the highest larval dropping in 2003 and in 2004, 
but the highest activity density was found after the peak of the larval dropping (fig. 17b & 
18b). 
 
2. Assessment of the spatio-temporal within-field distribution of pest larvae and epigaeic predators  
in different oilseed rape management systems 
































































































































































































HARRUF PTEMEL  
 
Fig. 13a-c: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps and activity density of the most abundant carabid species 
monitored with pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) in Wendhausen in 2003. 
 






































































































































































































Fig. 13d-f: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps and activity density of the most abundant carabid species 
monitored with pitfall traps in a winter oilseed rape field with standardised crop management (STN) in Wendhausen in 2003. 
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Fig. 14a & b: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps and activity density of the most abundant carabid species 







































































































































HARRUF PTEMAC  
 
Fig. 14c & d: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps and activity density of the most abundant carabid species 
monitored with pitfall traps in a winter oilseed rape field with standardised crop management (STN) in Wendhausen in 2004. 
a b
d
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Fig. 16a & b: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps 
and activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management 
(STN) (b) in Wendhausen in 2004. 




























































































Ceutorhynchus ICM PHICOG TACSIG
 
 
Fig. 15a & b: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps 
and activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with Integrated Crop Management (ICM) in Wendhausen in 2003. 

































































































Ceutorhynchus STN PHICOG TACSIG
 
 
Fig. 15c & d: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps 
and activity density of the most abundant staphylinid species monitored with pitfall traps in a winter 
oilseed rape field with standardised crop management (STN) in Wendhausen in 2003. 
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Ceutorhynchus STN Linyphiidae Lycosidae
 
 
Fig. 17a & b: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps and activity density of Linyphiidae and Lycosidae 
monitored with pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management (STN) (b) in 
































































































































Ceutorhynchus STN Linyphiidae Lycosidae
 
 
Fig. 18a & b: Phenology of the dropping of Ceutorhynchus assimilis larvae recorded with funnel traps and activity density of Linyphiidae and Lycosidae 
monitored with pitfall traps in a winter oilseed rape field with Integrated Crop Management (ICM) (a) and standardised crop management (STN) (b) in 
Wendhausen in 2004.  
a b
b
List of abbreviations on pages 186-187. 
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Spatial distribution of pest larvae and epigaeic predators 
 
In 2003, only the larvae of D. brassicae showed a significant spatial pattern in their 
distribution (tab. 1), namely in the week of the highest larval dropping of the first pod midge 
generation in the STN-system (BBCH 73-75) (tab. 1). They showed a large and significant 
value of Ia confirming strong aggregation, and the νi and the νj indices confirmed that this was 
due to a significant gap in the ICM-system and to two significant clusters in the STN-system 
(fig. 19). The other pest species showed no significant pattern in the distribution of their 
larvae in 2003. 
In 2004, the spatial distribution of the larvae of all oilseed rape pest species achieved 
significance, both in the total time of the experiment and in the week of the highest larval 
dropping (tab. 3); only exception were the larvae of Ceutorhynchus assimilis at BBCH stage 
79-81, where no significant pattern in the spatial distribution could be found. The significance 
in the distribution of the pest larvae in 2004 was caused in all cases by one or two large 
clusters in the ICM-system and by one large gap in the STN-system. Both the clusters and the 
gaps covered nearly the whole management system in which they were recorded (fig. 20). 
Regarding the three predator groups, the Araneae showed significant patterns in their 
distribution in 2003 and 2004 both in the total time of the experiment and in the weeks of the 
highest larval dropping of all pest species (tab. 2 & 4). The pattern was determined by 
significant clusters in the ICM-system and significant gaps in the STN-system. A significant 
pattern in the distribution of the Staphylinidae was found in 2003 in the week of the highest 
larval dropping of the second pod midge generation (tab.2). Significant clusters and gaps in 
the distribution of the ground beetles were found regarding the total time of the experiment of 
2004. The distribution of the Carabidae showed significant patterns in the week of the highest 
larval dropping of the first Dasineura generation in both years of the investigation (tab. 2 and 
4). There were also significant clusters and gaps in their distribution in the week of the highest 
dropping of the Ceutorhynchus larvae in 2003 and in 2004 during the peak of larval dropping 
of these pest larvae in the ICM-system. In 2004, the carabids’ distribution was also 
significantly patchy in the week of the highest dropping of the Meligethes larvae. The overall 
index Ia of the most abundant carabid species A. similata indicated in 2003 a randomly 
arranged distribution in all investigated periods of time. In 2004, the distribution of this 
species showed significant patterns in the total time of the experiment and in the weeks of the 
highest larval dropping of Meligethes spp., the first pod midge generation and the 
Ceutorhynchus larvae in the ICM-system. In all these weeks, the significance was caused both 
by significant clusters and gaps. In 2003, the distribution of A. dorsalis, C. cancellatus, H. 
rufipes and P. macer was significant in the total time of the experiment but not in the weeks 
with the highest dropping of pest larvae (tab. 2). The same result was found for H. affinis in 
2004 (tab. 4). The index Ia indicated for P. melanarius a randomly arranged distribution in 
both years in all investigated periods of time. 
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The distribution of the Aleocharinae was significant in 2003 and 2004 in the week of the 
highest dropping of the pollen beetle larvae. In both years significant clusters and gaps caused 
the significance of the index Ia. 
Both the Linyphiidae and the Lycosidae showed a highly significant distribution in both years 
of the investigation. In the end of the investigation in both years the Lycosidae were randomly 
distributed, whereas the Linyphiidae showed still a significant pattern. 
 
Tab. 1: Results of the SADIE-analysis for the oilseed rape pest larvae in Wendhausen in 2003. Index Ia 
and its associated probability Pa indicate the overall degree of clustering; values of Ia = 1 indicate 
randomly arranged counts, Ia > 1 indicate aggregation of counts into clusters. Index νi, is the average 
over all inflows indicating patchiness with its associated probability with departure from randomness 
Pi. Index νj is the average over all inflows indicating presence of clustering into gaps with its 
associated probability of departure from randomness Pj. Shown are the results for the total time of the 
experiment (BBCH 65-97) and for the week of the highest larval dropping of the single pest species 
(shown is the BBCH stage of this week). List of abbreviations on pages 186-187. 
 
species Ia Pa νj νi Pj Pi
Dasineura brassicae 0.84 0.8634 -0.81 0.91 0.9273 0.6737 
Dasineura brassicae 73-75  
(STN 1. generation) 1.98 0.0002 -1.89 1.96 0 0 
Dasineura brassicae 77-79 
(ICM 1. generation) 0.87 0.7659 -0.92 0.81 0.6135 0.7823 
Dasineura brassicae 85-87 
(2. generation) 1.14 0.174 -1.11 1.13 0.2261 0.1743 
Meligethes spp. 0.97 0.5128 -0.9 1 0.721 0.4275 
Meligethes spp. 69-71 1.08 0.2732 -1.03 1.06 0.371 0.3035 
Ceutorhynchus assimilis  1.11 0.221 -1.08 1.09 0.272 0.2474 
Ceutorhynchus assimilis 77-79 1.1 0.2395 -1.04 1.02 0.3509 0.4007 
 
Tab. 2: Results of the SADIE-analysis for the epigaeic predators in Wendhausen in 2003. The SADIE-
analysis was carried out for the predator species which were most abundant during the times of the 
highest pest larval dropping. Shown are the results for the total time of the experiment (BBCH 65-97; 
listed without growth stages in the table) and for the weeks of the highest larval dropping of the 
different pest species (see tab. 1). List of abbreviations on pages 186-187. 
Continuation next two pages. Legend as table 1. 
 
species Ia Pa νj νi Pj Pi
Carabidae 1.26 0.0719 -1.35 1.18 0.0283 0.1185 
Carabidae 69-71 0.88 0.7451 -0.92 0.81 0.6551 0.9385 
Carabidae 73-75 1.54 0.0054 -1.69 1.44 0.0008 0.0122 
Carabidae 77-79 1.44 0.0173 -1.63 1.39 0.0012 0.0233 
Carabidae 85-87 0.8 0.9395 -0.83 0.85 0.9011 0.8812 
Staphylinidae 1.13 0.1941 -1.15 1.02 0.1622 0.3786 
Staphylinidae 69-71 1.06 0.3037 -0.97 0.98 0.4966 0.4875 
Staphylinidae 73-75 0.96 0.5227 -0.94 0.96 0.582 0.5217 
Staphylinidae 77-79 1.05 0.3141 -1 0.99 0.4255 0.4627 
Staphylinidae 85-87 1.48 0.0099 -1.56 1.56 0.0035 0.0035 
Araneae  2.44 0.0002 -2.31 2.43 0 0 
Araneae 69-71 1.93 0.0002 -1.95 1.52 0 0.0044 
Araneae 73-75 2.34 0.0002 -2.21 2.12 0 0 
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Araneae 77-79 1.33 0.0424 -1.26 1.26 0.0746 0.0612 
Araneae 85-87 2.15 0.0002 -2.03 1.99 0 0 
Amara similata 1.19 0.1337 -1.29 1.09 0.0501 0.2234 
Amara similata 69-71 1.17 0.1418 -1.22 1.21 0.0845 0.0907 
Amara similata 73-75 1.26 0.067 -1.21 1.36 0.098 0.021 
Amara similata 77-79 1.15 0.1686 -1.17 1.08 0.1304 0.2636 
Amara similata 85-87 0.87 0.7892 -0.98 0.93 0.4674 0.6429 
Anchomenus dorsalis 1.42 0.0184 -1.41 1.3 0.0176 0.0416 
Anchomenus dorsalis 69-71 1.18 0.1498 -1.17 0.54 0.1574 0.21 
Anchomenus dorsalis 73-75 0.95 0.5762 -0.94 0.94 0.5705 0.6114 
Anchomenus dorsalis 77-79 0.91 0.6908 -0.91 0.94 0.6735 0.5918 
Anchomenus dorsalis 85-87 1.2 0.1125 -1.21 1.22 0.1046 0.0915 
Carabus cancellatus 1.37 0.0235 -1.37 1.26 0.0261 0.0496 
Carabus cancellatus 69-71 1.02 0.393 -1 1.02 0.4337 0.4046 
Carabus cancellatus 85-87 1.15 0.1642 -1.13 1.19 0.1835 0.1198 
Harpalus affinis 1.21 0.1138 -1.12 1.08 0.217 0.266 
Harpalus affinis 69-71 1.15 0.1775 -1.16 1.06 0.16 0.2851 
Harpalus affinis 73-75 1.29 0.054 -1.28 1.22 0.0548 0.0796 
Harpalus affinis 85-87 1.26 0.0702 -1.28 1.15 0.0652 0.1567 
Harpalus rufipes 1.43 0.0171 -1.47 1.33 0.0097 0.0344 
Harpalus rufipes 69-71 0.82 0.9078 -0.84 0.77 0.8758 0.9884 
Harpalus rufipes 77-79 0.92 0.6502 -0.92 0.95 0.6621 0.5681 
Harpalus rufipes 85-87 0.93 0.6221 -0.93 0.92 0.6204 0.6645 
Nebria brevicollis 2.11 0.0002 -1.88 2.11 0 0 
Nebria brevicollis 69-71 1.66 0.0012 -1.67 1.51 0.0017 0.0074 
Nebria brevicollis 77-79 1.6 0.0025 -1.59 1.4 0.0018 0.0193 
Notiophilus biguttatus 1.01 0.4069 -1.07 1.03 0.2918 0.3601 
Notiophilus biguttatus 69-71 1.3 0.0479 -1.3 1.26 0.0491 0.0613 
Notiophilus biguttatus 77-79 1.41 0.0154 -1.41 1.38 0.0159 0.0198 
Notiophilus biguttatus 85-87 0.83 0.8887 -0.84 0.81 0.8777 0.9393 
Poecilus cupreus 1.34 0.0382 -1.3 1.17 0.0556 0.1235 
Poecilus cupreus 69-71 1.411 0.0201 -1.31 1.26 0.0501 0.0628 
Poecilus cupreus 73-75 1.23 0.0908 -1.22 1.05 0.0982 0.3286 
Poecilus cupreus 77-79 0.85 0.8336 -0.85 0.88 0.8326 0.7965 
Poecilus cupreus 85-87 1.46 0.0104 -1.47 1.49 0.0107 0.0077 
Pterostichus macer 1.48 0.0112 -1.38 1.29 0.0256 0.0454 
Pterostichus macer 69-71 1.16 0.1518 -1.16 1.15 0.15 0.1562 
Pterostichus melanarius 0.9 0.7015 -0.84 0.92 0.8617 0.6484 
Pterostichus melanarius 69-71 1 0.4268 -1 1 0.4332 0.4403 
Pterostichus melanarius 77-79 0.76 0.9926 -0.76 0.79 0.9916 0.973 
Pterostichus melanarius 85-87 1.02 0.3947 -1.02 1.11 0.3979 0.2154 
Stomis pumicatus 1.28 0.0602 -1.24 1.25 0.0741 0.0615 
Stomis pumicatus 69-71 1.58 0.0039 -1.45 1.38 0.0122 0.0246 
Stomis pumicatus 73-75 1.18 0.1406 -1.17 1.22 0.1342 0.086 
Stomis pumicatus 77-79 1.12 0.1944 -1.1 1.25 0.2199 0.0682 
Stomis pumicatus 85-87 1.02 0.3906 -1.02 0.99 0.37 0.4473 
Aleocharinae 2.05 0.0002 -2 1.94 0 0 
Aleocharinae 69-71 2.01 0.0002 -1.87 1.65 0.0002 0.0017 
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Aleocharinae 73-75 1.05 0.3057 -1.01 1.08 0.3789 0.2469 
Aleocharinae 77-79 0.84 0.8507 -0.8 0.83 0.9651 0.9113 
Aleocharinae 85-87 1.67 0.0008 -1.66 1.71 0.0005 0.0007 
Philonthus cognatus 1.68 0.0003 -1.44 1.78 0.0156 0.0003 
Philonthus cognatus 69-71 1.46 0.0124 -1.46 1.35 0.0094 0.0248 
Philonthus cognatus 73-75 1.24 0.087 -1.24 1.03 0.0816 0.3556 
Philonthus cognatus 77-79 1.54 0.005 -1.55 1.84 0.006 0.0002 
Philonthus sordidus 1.06 0.2998 -1.07 1.03 0.2752 0.3524 
Philonthus sordidus 69-71 1.06 0.3079 -1.07 1.06 0.2879 0.2805 
Philonthus sordidus 73-75 0.75 0.9899 -0.76 0.78 0.9806 0.9832 
Philonthus sordidus 77-79 1.13 0.1832 -1.08 1.08 0.2727 0.2526 
Philonthus sordidus 85-87 1.21 0.1039 -1.21 1.3 0.1052 0.0397 
Tachinus signatus 1.53 0.006 -1.39 1.58 0.0199 0.003 
Tachinus signatus 69-71 1.38 0.023 -1.33 1.34 0.0396 0.0308 
Tachinus signatus 73-75 1.8 0.0003 -1.73 1.77 0.0005 0.0003 
Tachinus signatus 77-79 1.48 0.008 -1.43 1.6 0.0144 0.002 
Tachinus signatus 85-87 1.14 0.1711 -1.14 1.1 0.1788 0.2058 
Tachyporus hypnorum 1.72 0.0005 -1.59 1.72 0.0013 0.0003 
Tachyporus hypnorum 69-71 0.84 0.8302 -0.97 0.81 0.5103 0.9303 
Tachyporus hypnorum 85-87 1.7 0.0002 -1.7 1.6 0.0002 0.0018 
Linyphiidae 2.45 0.0002 2.2 2.2 0 0 
Linyphiidae 69-71 1.59 0.003 -1.58 1.55 0.0027 0.004 
Linyphiidae 73-75 2.24 0.0002 -2.15 2.02 0 0 
Linyphiidae 77-79 1.54 0.0077 -1.46 1.45 0.0104 0.008 
Linyphiidae 85-87 2.1 0.0002 -2.04 1.89 0 0 
Lycosidae 2.25 0.0002 -2.02 2.1 0 0 
Lycosidae 69-71 1.87 0.0002 -1.85 1.54 0 0.0037 
Lycosidae 73-75 2.01 0.0002 -1.84 1.86 0.0002 0 
Lycosidae 77-79 1.37 0.0298 -1.39 1.27 0.0213 0.0573 
Lycosidae 85-87 1.13 0.2004 -1.11 1.04 0.2289 0.3305 
 
Tab. 3: Results of the SADIE-analysis for the oilseed rape pest larvae in Wendhausen in 2004. Shown 
are the results for the total time of the experiment (BBCH 65-97) and for the week of the highest larval 
dropping of the single pest species (shown is the BBCH stage of this week). The management systems 
had different BBCH stages (87 in the ICM- and 83 in the STN-system) in the week of the highest 
dropping of the 2. Dasineura generation. List of abbreviations on pages 186-187. 
Legend as table 1. 
 
species Ia Pa νj νi Pj Pi
Dasineura brassicae 2.4 0.0002 -2.08 2.21 0 0 
Dasineura brassicae 73-75 
(1. generation) 2.48 0.0002 -2.17 2.29 0 0 
Dasineura brassicae 87 (ICM), 
83 (STN) (2. generation) 1.51 0.0075 -1.36 1.51 0.0307 0.0039 
Meligethes spp. 2.42 0.0002 -2.37 2.21 0 0 
Meligethes spp. 67-69 2.34 0.0002 -2.11 .24 0 0 
Ceutorhynchus assimilis  2 0.0002 -1.94 1.94 0 0 
Ceutorhynchus assimilis 73-75 1.78 0.0003 -1.74 1.79 0.0003 0 
Ceutorhynchus assimilis 79-81 1.13 0.1889 -1.06 1.21 0.2996 0.0887 
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Tab. 4: Results of the SADIE-analysis for the epigaeic predators in Wendhausen in 2004. The SADIE-
analysis was carried out for the predator species which were most abundant during the times of the 
highest oilseed rape pest larval dropping. Shown are the results for the total time of the experiment 
(BBCH 65-97; listed without growth stages in the table) and for the weeks of the highest larval 
dropping of the different pest species (see tab. 3). List of abbreviations on pages 186-187. 
Continuation next page. Legend as table 1. 
 
species Ia Pa νj νi Pj Pi
Carabidae 1.81 0.0003 -1.69 1.66 0.0003 0.0008 
Carabidae 67-69 1.5 0.0092 -1.44 1.36 0.0151 0.0283 
Carabidae 73-75 1.66 0.0018 -1.6 1.47 0.0022 0.0065 
Carabidae 79-81 0.9 0.6869 -0.89 0.87 0.7392 0.8004 
Carabidae 87/83 1.09 0.2688 -1.09 0.87 0.2606 0.7971 
Staphylinidae 1.03 0.3714 -0.96 0.99 0.5485 0.4589 
Staphylinidae 67-69 1.08 0.2636 -1.14 1.02 0.1673 0.3747 
Staphylinidae 73-75 1.18 0.1371 -1.22 1.15 0.0833 0.1483 
Staphylinidae 79-81 1.25 0.0818 -1.31 1.3 0.0434 0.0474 
Staphylinidae 87/83 0.93 0.6228 -0.97 0.84 0.5227 0.9055 
Araneae  2.11 0.0002 -1.89 1.74 0 0.0002 
Araneae 67-69 1.81 0.0003 -1.98 1.53 0 0.0042 
Araneae 73-75 1.92 0.0002 -1.88 1.83 0.0002 0.0002 
Araneae 79-81 1.43 0.0178 -1.49 1.36 0.0092 0.0233 
Araneae 87/83 1.67 0.0018 -1.58 1.63 0.0035 0.0012 
Amara similata 1.49 0.0111 -1.42 1.304 0.016 0.0458 
Amara similata 67-69 1.59 0.0059 -1.61 1.57 0.0018 0.0027 
Amara similata 73-75 1.58 0.0034 -1.52 1.42 0.0059 0.0164 
Amara similata 79-81 1.1 0.2417 -1.14 1.05 0.1696 0.3146 
Amara similata 87/83 1.04 0.3563 -0.99 0.88 0.4532 0.7986 
Anchomenus dorsalis 1.32 0.0523 -1.3 1.23 0.0531 0.0918 
Anchomenus dorsalis 67-69 0.9 0.7191 -0.89 0.94 0.7446 0.6372 
Anchomenus dorsalis 73-75 0.88 0.796 -0.87 0.89 0.8011 0.7617 
Anchomenus dorsalis 79-81 0.86 0.8232 -0.86 0.85 0.82 0.8663 
Anchomenus dorsalis 87/83 1.07 0.2723 -1.08 0.96 0.2691 0.5554 
Harpalus affinis 1.38 0.0315 -1.24 1.35 0.0804 0.0307 
Harpalus affinis 67-69 1.09 0.2324 -1.1 1.05 0.213 0.2713 
Harpalus affinis 73-75 1.02 0.3747 -1.02 1.03 0.3722 0.3452 
Harpalus affinis 79-81 0.84 0.8745 -0.84 0.85 0.8767 0.8689 
Harpalus affinis 87/83 1.25 0.082 -1.25 1.21 0.0788 0.092 
Harpalus rufipes 1.48 0.0134 -1.42 1.35 0.0194 0.0275 
Harpalus rufipes 67-69 1.18 0.1287 -1.18 1.12 0.1379 0.1825 
Harpalus rufipes 73-75 1.55 0.0035 -1.55 1.58 0.0045 0.0023 
Harpalus rufipes 79-81 1.2 0.12 -1.18 1.25 0.1327 0.0741 
Harpalus rufipes 87/83 1.01 0.4051 -1.02 0.96 0.3839 0.5539 
Poecilus cupreus 1.79 0.0007 -1.56 1.77 0.0055 0.0002 
Poecilus cupreus 67-69 1.27 0.0711 -1.28 1.25 0.0571 0.068 
Poecilus cupreus 73-75 1.49 0.0089 -1.52 1.4 0.0067 0.0163 
Poecilus cupreus 87/83 1.16 0.1656 -1.19 0.95 0.1376 0.5946 
Pterostichus macer  0.96 0.5267 -0.92 0.99 0.6595 0.4557 
Pterostichus macer 67-69 1.04 0.3226 -1.04 1.04 0.3305 0.3251 
Pterostichus macer 73-75 1.06 0.307 -1.06 1.05 0.2903 0.2985 
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Pterostichus macer 79-81 0.98 0.5013 -0.96 1.09 0.5319 0.2559 
Pterostichus macer 87/83 0.91 0.7288 -0.9 1.01 0.7280 0.1513 
Pterostichus melanarius 1.06 0.294 -1.03 0.99 0.3578 0.4575 
Pterostichus melanarius 67-69 0.83 0.8984 -0.83 0.94 0.886 0.5938 
Pterostichus melanarius 73-75 0.97 0.5044 -0.98 1.03 0.5054 0.3638 
Pterostichus melanarius 79-81 1.01 0.3965 -1.01 1.03 0.4027 0.3628 
Pterostichus melanarius 87/83 0.91 0.6672 -0.9 0.98 0.6849 0.4765 
Aleocharinae 1.08 0.2626 -1.03 1.03 0.3648 0.3513 
Aleocharinae 67-69 1.76 0.0007 -1.66 1.79 0.0007 0.0007 
Aleocharinae 73-75 1.02 0.3771 -0.98 1.06 0.4887 0.3037 
Aleocharinae 79-81 1.01 0.4087 -1.02 0.88 0.3955 0.8259 
Aleocharinae 87/83 1.28 0.059 -1.28 1.34 0.059 0.0275 
Philonthus cognatus 1.21 0.1069 -1.14 1.09 0.1637 0.2346 
Philonthus cognatus 67-69 0.93 0.6139 -0.93 0.99 0.6166 0.4538 
Philonthus cognatus 73-75 1.08 0.2474 -1.08 1.16 0.2422 0.1275 
Philonthus cognatus 87/83 1.23 0.0938 -1.24 1.15 0.0853 0.1518 
Tachyporus hypnorum 1.41 0.0199 -1.31 1.23 0.0442 0.0846 
Tachyporus hypnorum 67-69 0.93 0.6202 -0.93 0.92 0.6231 0.6891 
Tachyporus hypnorum 73-75 1.45 0.0129 -1.48 1.12 0.0104 0.1797 
Tachyporus hypnorum 79-81 1.24 0.0766 -1.24 1.19 0.0856 0.1126 
Tachyporus hypnorum 87/83 1.24 0.0809 -1.24 1.11 0.0814 0.2068 
Linyphiidae 1.93 0.0002 -1.89 1.72 0.0002 0.0007 
Linyphiidae 67-69 1.43 0.0156 -1.42 1.42 0.0159 0.0131 
Linyphiidae 73-75 1.51 0.0097 -1.52 1.56 0.0075 0.0035 
Linyphiidae 79-81 1.32 0.0461 -1.38 1.48 0.0248 0.0067 
Linyphiidae 87/83 1.62 0.0025 -1.62 1.71 0.0023 0.0005 
Lycosidae 1.8 0.0007 -1.58 1.58 0.0027 0.0027 
Lycosidae 67-69 1.54 0.0052 -1.41 1.46 0.0161 0.0119 
Lycosidae 73-75 1.74 0.0007 -1.58 1.83 0.0027 0.0002 
Lycosidae 79-81 0.82 0.8931 -0.81 0.88 0.8991 0.7843 
Lycosidae 87/83 0.97 0.5135 -0.97 0.96 0.5205 0.5544 
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Spatial association between predators and prey 
 
- between D. brassicae and the epigaeic predators: 
 
In the total time of the experiment in 2003, no significant associations between the larval 
dropping of D. brassicae and the distribution of the epigaeic predators could be found (tab. 5). 
The spatial distribution of the carabid species N. biguttatus was significantly dissociated to 
the distribution of the pod midge larvae. In the week of the highest larval dropping in the 
STN-system, the populations of A. similata and S. pumicatus were significantly associated to 
the pest larvae population, the spiders in total as well as the Linyphiidae and Lycosidae, the 
Carabidae in total and the staphylinid species P. cognatus and T. signatus were significantly 
dissociated. In the week of the highest larval dropping in the ICM-system, the distribution of 
the spiders was also significantly dissociated, but the Staphylinidae were significantly 
associated to the Dasineura larvae. In the week of the highest larval dropping of the second 
pod midge generation, only P. sordidus was significantly dissociated with the pest larvae. 
In 2004, the Araneae in total as well as the Linyphiidae and Lycosidae regarded separately 
were significantly associated to the distribution of the Dasineura larvae, both in the total time 
of the experiment and in the weeks of the highest larval dropping of the first and second pod 
midge generation (tab. 6). In the total time of the experiment, the Carabidae in total and the 
ground beetle species A. similata, H. affinis and P. cupreus were significantly associated with 
the pest larvae population. In the week of the peak of the larval dropping of the first pod 
midge generation, the Carabidae and the species A. dorsalis were significantly associated with 
the pest larvae population, P. cupreus, the Staphylinidae in total and the rove beetle species T. 
hypnorum showed a significantly dissociated distribution. During the highest larval dropping 
of the second Dasineura generation, four of the most abundant carabid species (A. similata, 
H. affinis, H. rufipes, P. cupreus) and the two most abundant staphylinid species (P. cognatus, 
T. hypnorum) were significantly associated with the pest larvae. 
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Table 5: SADIE association indices (X) and the significance of association or dissociation (P) for 
Dasineura brassicae larvae from funnel traps and the epigaeic predators from pitfall traps in a winter 
oilseed rape field in Wendhausen in 2003. Shown are the results for the total time of the experiment 
(BBCH 65-97), for the weeks of the highest larval dropping of the first pod midge generation in the 
STN-system (BBCH 73-75) and in the ICM-system (BBCH 77-79) and for the week of the highest 
pest larval dropping of the second pod midge generation (BBCH 85-87). X is positive for association 
and negative for dissociation. In significant tests for positive values of X, the null hypothesis is that 
distributions are not associated. For negative values of X, the null hypothesis is that distributions are 
not dissociated. Both tests are 2-tailed. A indicates significant association, D indicates significant 
dissociation. 
 
 Dasineura brassicae 2003 
 total time BBCH 73-75 BBCH 77-79 BBCH 85-87 
 X P X P X P X P 
Araneae -0.104 0.741 -0.719 >0.999 D -0.31
0.98 
D 0.102 0.252
Carabidae -0.132 0.812 -0.6 >0.999 D -0.026 0.56 -0.138 0.813
Staphylinidae -0.215 0.913 -0.271 0.967 0.348 0.008 A 0.178 0.136
Amara similata -0.032 0.593 0.297 0.024A -0.201 0.896 -0.179 0.882
Anchomenus 
dorsalis 0.003 0.499 0.108 0.243 0.218 0.081 -0.147 0.802
Carabus 
cancellatus -0.238 0.937 - - - - 0.172 0.138
Harpalus affinis 0.177 0.143 -0.245 0.951 - - -0.225 0.922
Harpalus rufipes -0.376 0.595 - - 0.267 0.038 -0.198 0.892




D - - -0.391 0.595 -0.121 0.772
Poecilus cupreus -0.203 0.909 -0.382 0.996 0.011 0.465 -0.187 0.874
Pterostichus 
melanarius 0.028 0.428 - - 0.101 0.265 -0.068 0.661
Stomis pumicatus -0.01 0.53 0.4479 0.001A 0.195 0.111 0.089 0.29 
Aleocharinae 0.108 0.232 0.174 0.117 0.209 0.082 -0.04 0.607
Philonthus 
cognatus -0.237 0.944 -0.629
>0.999 
D 0.191 0.119 - - 
Philonthus 
sordidus -0.243 0.942 -0.085 0.709 0.259 0.054 -0.386 
0.997
D 
Tachinus signatus -0.273 0.961 -0.717 >0.999 D 0.081 0.307 -0.038 0.599
Tachyporus 
hypnorum 0.061 0.352 - - - - 0.294 0.033
Linyphiidae -0.149 0.829 -0.763 >0.999 D -0.272 0.971 0.186 0.128
Lycosidae -0.173 0.876 -0.517 >0.999 D -0.216 0.916 0.029 0.425
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Table 6: SADIE association indices (X) and the significance of association or dissociation (P) for 
Dasineura brassicae larvae from funnel traps and the epigaeic predators from pitfall traps in 
Wendhausen in 2004. Shown are the results for the total time of the experiment (BBCH 65-97) and for 
the weeks of the highest larval dropping of the first pod midge generation (BBCH 73-75) and of the 
second pod midge generation (BBCH 87 in the ICM-system and 83 in the STN-system). Legend as 
table 5. 
 
 Dasineura brassicae 2004 
 total time BBCH 73-75 BBCH 87/83 
 X P X P X P 





Carabidae 0.487 0.001 A 0.52 
0.0002 
A -0.096 0.734 
Staphylinidae 0.16 0.17 -0.386 0.996 D -0.03 0.58 




dorsalis 0.243 0.053 0.342 
0.013 
A 0.201 0.096 
Harpalus affinis 0.145 0.178 -0.129 0.809 0.395 0.003 A 
Harpalus rufipes 0.536 0.0002 A 0.206 0.92 0.471 
0.001 
A 






macer 0.162 0.146 -0.043 0.605 0.033 0.412 
Pterostichus 
melanarius 0.12 0.222 -0.222 0.938 0.087 0.294 
Aleocharinae -0.223 0.919 0.11 0.232 -0.207 0.908 
Philonthus 
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- between Meligethes spp. and the epigaeic predators: 
 
In the total time of the experiment of 2003, no significant associations or dissociations 
between the distribution of the Meligethes larvae and the epigaeic predators could be found 
(tab. 7). In the week of the highest dropping of the pollen beetle larvae, the carabid species A. 
dorsalis and H. affinis were significantly associated with the pest larvae, the Staphylinidae in 
total showed a dissociated distribution. In 2004, the Araneae and the Carabidae were 
significantly associated with the Meligethes larvae population both in the total time and in the 
week of the highest larval dropping. The Linyphiidae and Lycosidae were also associated 
with the pest larvae in both periods of time, as well as the carabid species P. cupreus. H. 
rufipes and T. hypnorum showed a significant association in the total time of the experiment, 
A. similata, H. affinis and P. macer in the week of the highest larval dropping. The 
Aleocharinae were significantly dissociated distributed with the pollen beetle larvae. 
 
Table 7: SADIE association indices (X) and the significance of association or dissociation (P) for 
Meligethes spp. larvae from funnel traps and the epigaeic predators from pitfall traps in Wendhausen 
in 2003. Shown are the results for the total time of the experiment (BBCH 65-97) and for the week of 
the highest pest larval dropping (BBCH 69-71). 
Legend as table 5. 
 
 Meligethes 2003 
 total time BBCH 69-71 
 X P X P 
Araneae 0.047 0.374 0.026 0.444 
Carabidae -0.191 0.55 0.077 0.303 
Staphylinidae -0.022 0.554 -0.399 0.995 D 
Amara similata -0.004 0.513 -0.087 0.723 
Anchomenus dorsalis 0.193 0.107 0.36 0.016 A 
Carabus cancellatus -0.127 0.787 -0.192 0.854 
Harpalus affinis -0.064 0.656 0.526 0.0001 A 
Harpalus rufipes 0.029 0.427 -0.167 0.833 
Nebria brevicollis 0.09 0.264 0.106 0.232 
Notiophilus biguttatus -0.253 0.958 0.207 0.11 
Poecilus cupreus -0.225 0.925 -0.09 0.713 
Pterostichus macer 0.042 0.382 -0.219 0.936 
Pterostichus melanarius 0.133 0.18 0.099 0.278 
Stomis pumicatus 0.237 0.063 0.022 0.449 
Aleocharinae -0.036 0.588 -0.207 0.914 
Philonthus cognatus -0.083 0.714 -0.284 0.966 
Philonthus sordidus -0.147 0.83 -0.096 0.73 
Tachinus signatus -0.089 0.72 -0.098 0.725 
Tachyporus hypnorum -0.118 0.789 0.019 0.443 
Linyphiidae -0.041 0.615 -0.136 0.811 
Lycosidae -0.03 0.582 -0.044 0.599 
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Table 8: SADIE association indices (X) and the significance of association or dissociation (P) for 
Meligethes spp. larvae from funnel traps and the epigaeic predators from pitfall traps in Wendhausen 
in 2004. Shown are the results for the total time of the experiment (BBCH 65-97) and for the week of 
the highest pest larval dropping (BBCH 67-69). 
Legend as table 5. 
 
 Meligethes 2004 
 total time BBCH 67-69 
 X P X P 
Araneae 0.715 <0.0001 A 0.527 
<0.0001 
A 
Carabidae 0.476 0.002 A 0.457 
0.001 
A 
Staphylinidae 0.162 0.158 -0.216 0.918 
Amara similata 0.306 0.033 0.347 0.009 A 
Anchomenus dorsalis 0.269 0.035 0.044 0.383 
Harpalus affinis 0.224 0.073 0.34 0.011 A 
Harpalus rufipes 0.503 0.0002 A -0.031 0.583 
Poecilus cupreus 0.591 <0.0001 A 0.397 
0.006 
A 
Pterostichus macer 0.163 0.139 0.291 0.022 A 
Pterostichus melanarius 0.162 0.146 -0.025 0.561 
Aleocharinae -0.224 0.927 -0.489 >0.999 D 
Philonthus cognatus 0.131 0.198 -0.014 0.527 
Tachyporus hypnorum 0.358 0.01 A 0.029 0.427 
Linyphiidae 0.652 <0.0001 A 0.43 
0.002 
A 




- between C. assimilis and the epigaeic predators: 
 
In 2003, the Carabidae in total and the ground beetle species N. biguttatus and P. cupreus at 
singles were significantly associated with the dropping of the Ceutorhynchus larvae in the 
total time of the experiment. In the week of the highest larval dropping, the spiders and the 
staphylinids were significantly associated with the pest larvae as well as the carabid species 
Nebria brevicollis and the staphylinid species T. signatus. 
In 2004, the Araneae and the Carabidae were significantly associated with the Ceutorhynchus 
larvae in the total time of the experiment. Both the Linyphiidae and the Lycosidae, the carabid 
species H. rufipes and P. cupreus and the rove beetle species P. cognatus showed a 
distribution which was significantly associated with the distribution of the Ceutorhynchus 
larvae. In the week of the highest larval dropping in the ICM-system, the Araneae in total and 
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both the Linyphiidae and the Lycosidae were significantly associated with the pest larvae, as 
well as the populations of A. similata, P. cupreus and P. macer. In the week of the highest 
larval dropping in the STN-system, only the Linyphiidae were significantly associated with 
the pest larvae population. 
 
Table 9: SADIE association indices (X) and the significance of association or dissociation (P) for 
Ceutorhynchus spp. larvae from funnel traps and the epigaeic predators from pitfall traps in 
Wendhausen in 2003. Shown are the results for the total time of the experiment (BBCH 65-97) and for 
the week of the highest pest larval dropping (BBCH 77-79). 
Legend as table 5. 
 
 Ceutorhynchus 2003 
 total time BBCH 77-79 
 X P X P 
Araneae 0.286 0.038 0.322 0.019 A 
Carabidae 0.399 0.004 A 0.276 0.313 
Staphylinidae 0.13 0.205 0.301 0.02 A 
Amara similata 0.253 0.039 0.275 0.03 
Anchomenus dorsalis 0.013 0.462 0.115 0.217 
Harpalus rufipes 0.006 0.489 0.026 0.431 
Nebria brevicollis 0.259 0.046 0.339 0.013 A 
Notiophilus biguttatus 0.411 0.003 A 0.219 0.085 
Poecilus cupreus 0.296 0.023 A -0.081 0.709 
Pterostichus melanarius -0.211 0.907 0.006 0.477 
Stomis pumicatus -0.016 0.539 -0.131 0.811 
Aleocharinae -0.201 0.912 0.124 0.214 
Philonthus cognatus 0.094 0.261 0.277 0.04 
Philonthus sordidus 0.164 0.147 -0.167 0.857 
Tachinus signatus 0.17 0.145 0.334 0.01 A 
Linyphiidae 0.216 0.072 0.23 0.074 
Lycosidae 0.184 0.124 0.189 0.129 
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Table 10: SADIE association indices (X) and the significance of association or dissociation (P) for 
Ceutorhynchus spp. larvae from funnel traps and the epigaeic from pitfall traps in Wendhausen in 
2004. Shown are the results for the total time of the experiment (BBCH 65-97) and for the week of the 
highest pest larval dropping (BBCH 73-75 in the ICM-system and 79-81 in the STN-system). 
Legend as table 5. 
 
 Ceutorhynchus 2004 
 total time BBCH 73-75 BBCH 79-81 
 X P X P X P 
Araneae 0.644 <0.0001 A 0.588 
0.0003 
A 0.327 0.027 
Carabidae 0.412 0.005 A 0.497 
0.001 
A -0.053 0.625 
Staphylinidae -0.12 0.78 -0.217 0.913 0.02 0.449 
Amara similata 0.212 0.095 0.509 <0.0001 A -0.041 0.592 
Anchomenus 
dorsalis 0.159 0.168 -0.011 0.518 -0.02 0.557 










A - - 
Pterostichus 
macer 0.286 0.032 0.325 
0.012 
A -0.089 0.717 
Pterostichus 
melanarius 0.001 0.496 -0.017 0.536 -0.096 0.732 




A 0.178 0.108 - - 
Tachyporus 
hypnorum 0.263 0.043 -0.268 0.968 0.225 0.08 





Lycosidae 0.519 <0.0001 A 0.562 
<0.0001 





This study has determined the phenologies and spatial distributions of the larvae of Dasineura 
brassicae, Meligethes spp. and Ceutorhynchus assimilis within a crop of winter oilseed rape. 
These distributions have been compared with those of the naturally-occurring epigaeic 
predators Carabidae, Staphylinidae and Araneae. 
Some methodological problems have to be regarded when interpreting spatio-temporal 
patterns in the distributions of pests and epigaeic predators. A high activity density of the 
predators recorded with pitfall traps may be caused by a lack of prey and not by a high 
number of pest specimen. For the results of the spatial analysis this problem has been 
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overcome with the SADIE association index Χ which shows an association between areas 
with high densities both of pests and predators. If a significant association between the 
activity density of a predator and the larval dropping of a pest is found, no direct evidence of a 
predator-prey relationship is given. The laboratory feeding trials which were performed 
during the MASTER-project have given evidence of possible predator-prey relationships in 
oilseed rape, but it is doubtful to which extent the results of the laboratory trials can be 
transferred to the events in the field. The spectrum of prey may be greater in the field and then 
the feeding rates recorded in the laboratory would be considerably lower. Another 
methodological problem of the spatio-temporal field trials is the use of pitfall traps to catch 
the epigaeic predators. With these traps they are removed from the area where they should act 
as predators of the pest populations. 
The pattern of infestation of a crop by a flying insect is likely to be influenced by the location 
of local source populations and, for more distant immigrants, by wind direction. Meligethes, 
C. assimilis and D. brassicae respond to host-plant odour by upwind flight (BARTLET, 1996). 
On their arrival at the crop, the distribution of the insects may be influenced by spatial 
variation in host plant quality, by agronomic factors and by intra- and inter-specific 
interactions. 
The temporal variation in the predators’ activity was expected given that the counts were from 
broad taxonomic groups in which there are species with different phenologies (BOOIJ et al., 
1995). The abundance and distribution of predatory arthropods can be influenced by many 
abiotic and biotic factors (HOLLAND & LUFF, 2000; THOMAS et al., 2002), but relatively little 
is known of the factors governing spatial distributions for individual species within 
agroecosystems (HOLLAND et al., 1999). Furthermore, these factors may or may not interact, 
so it is difficult to identify whether one or more factors govern the distribution of a species 
(THIELE, 1977). Many experiments have examined individual components of the 
environmental requirements. These were reviewed by THIELE (1977) and included 
temperature and humidity, soil pH and substrate structure. In the latter, aspects of soil type are 
important as well as the surface composition. In crops, the density of weeds will determine the 
degree of cover and may also influence the microclimate. These factors may also interact. For 
example, soil type influences the moisture content and thereby the microclimate. Soil type 
also effects the substrate and suitability for burrowing, oviposition and over-winter survival. 
HOLLAND et al. (2003) found a considerable effect of the type of cropping on the number of 
predatory arthropods and this may occur because of differences in crop protection inputs, 
method and timing of soil cultivation or through the environmental conditions created 
(HANCE, 2002). THORBEK & BILDE (2004) found that arthropod predators aggregate in 
undisturbed or less disrupted habitats. The different conditions in the two oilseed rape 
management systems were discussed in chapter 1 and have certainly influenced the spatial 
and temporal distribution of the predators in this study. 
For being regarded as a key predator species of a pest both a temporal and spatial association 
between pest and predator species is important. A high temporal coincidence between larval 
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dropping and activity density of predator species combined with a significant spatial 
dissociation would reduce the potential of a predator as an antagonist of the pest population 
just as a significant spatial association between pests and predators in a time with a low pest 
larval dropping. 
Predation of the epigaeic predators on larvae of the first Dasineura generation will reduce the 
number of adult midges being able to lay eggs in the following generations. In this case the 
naturally-occurring antagonists may have an effect on the spatial distribution of the larvae of 
the second and third Dasineura generations. The carabid species most active and abundant 
during peak drop were especially Amara similata and to a smaller extent Harpalus rufipes in 
both years of the investigation. The activity densities of Stomis pumicatus and Notiophilus 
biguttatus showed temporal coincidence with the pest larval dropping in one year. A. similata, 
S. pumicatus and H. rufipes were also spatially associated with the Dasineura larvae in the 
periods of time with the highest larval dropping. These carabid species seem to be three of the 
key predator species of this pest in Germany. Feeding trials (Schlein & Büchs, 2006) which 
revealed a significant preference of A. similata for the pod midge larvae compared to 
vegetable food and to the larvae of the pollen beetle seem to confirm the important role of this 
carabid species as an antagonist of the pod midge. The assessment of A. similata as a 
phytophagous carabid species which possibly even causes economically significant damages 
on the crop (LUKA et al., 1998) has to be reconsidered. In the week of the highest larval 
dropping of the pod midge larvae in the STN-system in 2003, two clusters were detected in 
the distribution of the pest larvae in the STN-system (fig. I). In the distribution of A. similata 
one cluster was found agreeing with the one cluster in the pests’ distribution (fig. II). S. 
pumicatus formed a cluster on the place where the second cluster was found in the pest 
larvae’s distribution (fig. III). This week is the only one where big clusters of predator species 
could be found in the STN-system which was usually determined by small predator numbers. 
The two carabid species differed from the typical predators’ pattern of distribution during this 
investigation and clustered at the sampling points with the most prey, despite of the 
management system. H. rufipes was considered as a predator of the pod midge in the UK 
(WARNER et al., 2000), it seems that its role can be confirmed with the results of this study. 
The Linyphiidae showed also a high temporal coincidence in their occurrence with the pest 
larval dropping in both years and significant spatial association with the pest larvae in one 
year. They also have to be regarded as antagonists of D. brassicae. 
Regarding the larval dropping of the Meligethes larvae, many carabid species showed a high 
temporal coincidence with the pest larval dropping, especially in 2003. H. affinis, 
Anchomenus dorsalis, H. rufipes and Poecilus cupreus were the species with a temporal 
coincidence in at least one year where the SADIE-analysis produced a significant spatial 
association with pest larvae, so these carabid species seem to be important antagonists of 
Meligethes spp.. The red-blue plot for the distribution of H. rufipes in 2004 is shown in fig. 
XI. This species revealed a cluster in the middle of the ICM-system. Subtraction of this 
cluster from the pattern of the pest distribution in the total time of the experiment (fig. X) 
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comes to a new pattern in the week of the highest larval dropping (fig. XII). The intersection 
of the predator’s and the pest’s clusters from the total time of the experiment is not a part of 
the pest larvae’s cluster anymore in the peak larval drop. This may be an indication for the 
influence of this predator species on the pest population. 
For the Ceutorhynchus larvae A. similata seems to be the most important antagonist regarding 
the results from this investigation. Many carabid species showed a high temporal coincidence 
in their activity density with the larval dropping, but only A. similata was also significantly 
associated with the distribution in the time of the highest larval dropping. A reason for this 
may be that the clusters in the pest larvae’s distribution in the week of the highest dropping 
were very small (fig. XIII) and possibly difficult to detect for the epigaeic predators. 
Given that the carabids, staphylinids and spiders are generalist predators, it is noteworthy that 
it was possible to detect spatial and temporal linkage with prey items that form only a 
proportion of the predators’ diet. It has been shown that an individual insect’s response to 
prey density may be extremely weak, but that the cumulative effect of many individuals can 
produce strong aggregation in areas of high prey density (IVES et al., 1993). The species 
studied here are known to feed on crop pests but the fluctuations in their spatial dynamics 
indicate that the level of biocontrol offered by each species may vary between the years 
(PEARCE & ZALUCKI, 2006). This may not be important if the total level of biocontrol remains 
unaffected. Conservation biocontrol should therefore aim to encourage diversity as this will 
ensure that the epigaeic predators occur in a great variety and provide a high level of 
biocontrol of the oilseed rape pest larvae. 
The ability to locate and measure shapes and sizes of prey and natural enemy patterns offers 
advances in the application of IPM to precision agriculture and the furtherance of 
environmentally-sensitive, optimally-targeted crop protection measures. Understanding the 
interplay between the environmental and behavioural factors which determine the spatio-
temporal distributions of pests and beneficial insects could lay the foundations for 
management strategies to encourage polyphagous predators, as part of an integrated approach 
to crop protection. For example, stimulo-deterrent diversion (push-pull) strategies (MILLER & 
COWLES, 1990) would incorporate not only spatially targeted insecticides, but also spatially 
targeted semiochemicals to manipulate the movements and distributions of the insects in the 
crop. Determination of spatial distributions of insects for targeting insecticides is not a 
feasible proposition for the grower presently and therefore temporal targeting of insecticide 
treatments must remain the prime strategy for protecting BCAs. But in the future advances in 
our knowledge of the factors determining the spatial dynamics of pests and predators may 
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CONCLUSIONS 
 
The ICM-system supported the temporal coincidence between the predators’ activity density 
and the larval dropping compared to the STN-system. 
The management systems influenced the spatial distribution of the pests in one year. In the 
ICM-system one or two clusters were found, in the STN-system significant gaps were 
detected. The spiders showed in all investigated periods of time a significantly patchy 
distribution influenced by the different management systems in this study. The staphylinids 
were not significantly influenced in their distribution by the management systems. The 
Carabidae revealed in some investigated periods of time a significantly patchy distribution. 
There was a slight increase in the degree of association between pest larval dropping and the 
activity density of the epigaeic predators in the time of the highest larval dropping compared 
to the total time of the experiment. This indicates that the predators move to the areas in the 
field with the highest larval dropping. 
Amara similata possibly is an important antagonist of Dasineura brassicae. To a lower extent 
the carabid species Harpalus rufipes and Stomis pumicatus also seem to play a role in 
regulation of this pest. H. affinis, Anchomenus dorsalis, H. rufipes and Poecilus cupreus seem 
to be important antagonists of the pollen beetle. For the Ceutorhynchus larvae A. similata 





The temporal coincidence and the spatial association between the activity density of epigaeic 
predators (Carabidae, Staphylinidae and Araneae) and the larval dropping of the oilseed rape 
pests was investigated in Wendhausen in 2003 and 2004 during BBCH stages 65-97. To 
monitor the activity density of the predators pitfall traps were used, funnel traps were utilized 
to record the larval dropping. The traps were arranged in a two-dimensional array of 49 
spatially-referenced sampling points during the growing season. To analyse the spatial 
distributions of pests and of the most abundant predators the computer programme SADIE 
(Spatial Analysis by Distance IndicEs) was used. 
The temporal coincidence between the larval dropping of D. brassicae and the activity density 
of the most abundant carabid and staphylinid species as well as the linyphiids was higher in 
the ICM- than in the STN-system in both years of the investigation. For the larval dropping of 
Meligethes spp., in both years there were more carabid species which showed a high activity 
density during the pest larval dropping in the ICM- than in the STN-system. Regarding the 
Staphylinidae, in one year there was a high activity density of Tachinus signatus in the ICM-
system and Tachyporus hypnorum in the STN-system, in the second year no temporal 
coincidence between the dropping of the Meligethes larvae and the activity density of the 
staphylinids could be recorded. No temporal coincidence between the larval dropping of the 
pollen beetle and the activity density of the spiders could be found. The Carabidae showed a 
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higher activity density during the larval dropping of C. assimilis in the ICM- than in the STN-
system in both years. There was a higher temporal coincidence between the activity density of 
the spiders and the dropping of the C. assimilis larvae in the STN- than in the ICM-system in 
both years. Regarding the staphylinids, in one year there was a high activity density of 
Philonthus cognatus in both management systems in the time of the highest larval dropping. 
In 2003, only the larvae of D. brassicae showed a significant spatial pattern in their 
distribution. In 2004, all pest species’ larvae revealed a significantly patchy distribution 
pattern, all with one or two clusters in the ICM-system and one gap in the STN-system. Both 
the clusters and gaps covered nearly the whole management system in which they were 
recorded. During the times of the highest larval dropping of the different pests the spatial 
distribution of the carabids was significantly patchy in at least one year. The spiders showed 
in both years in all investigated periods of time a significantly patchy distribution. For the 
staphylinids in both years in all investigated periods of time a randomly arranged distribution 
was found. The degree of spatial association between pest larval dropping and activity density 
of the epigaeic predators increased slightly in the time of the highest larval dropping 
compared to the total time of the experiment. 
Epigaeic arthropods were regarded as possible key predator species of a pest in this study if 
there was a high temporal coincidence between the pest larval dropping and the activity 
density of the predators combined with a significant spatial association. This study revealed 
that Amara similata seems to be an important antagonist of the pod midge and to a lower 
extent also the carabid species Harpalus rufipes and Stomis pumicatus. H. affinis, 
Anchomenus dorsalis, H. rufipes and Poecilus cupreus seem to be important antagonists of 
the pollen beetle. For the Ceutorhynchus larvae A. similata seems to be the most important 
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APPENDIX 
 
Fig. I: Spatial distribution of D. brassicae larvae in the week of the highest larval dropping of 
the first pod midge generation in the STN-system (BBCH 73-75) in a winter oilseed rape field 
with Integrated Crop Management (ICM) and a standardised oilseed rape management system 
(STN) in Wendhausen in 2003. Large posted symbols exceed 95% confidence limits for 
sampling points with more (●, positive value) or less (▲, negative value) catches than 
expected; smaller symbols do not exceed 95% confidence limits. Contours filled with grey 
and black shading are areas identified by SADIE as gaps and clusters, respectively. Values 
presented are total counts of caught specimens at the sampling point. List of abbreviations on 
pages 186-187. 
Fig. II: Spatial distribution of Amara similata at BBCH 73-75 in 2003. 
Legend as fig. I. 
Fig. III: Spatial distribution of Stomis pumicatus at BBCH 73-75 in 2003. 
Legend as fig. I. 
Fig. IV: Spatial distribution of D. brassicae larvae in the week of the highest larval dropping 
of the first pod midge generation (BBCH 73-75) in 2004. 
Legend as fig. I. 
Fig. V: Spatial distribution of Harpalus rufipes at BBCH 73-75 in 2004. 
Legend as fig. I. 
Fig. VI: Spatial distribution of the Linyphiidae at BBCH 73-75 in 2004. 
Legend as fig. I. 
Fig. VII: Spatial distribution of D. brassicae larvae in the week of the highest larval dropping 
of the second pod midge generation (BBCH 87in the ICM-system and 83 in the STN-
system) in 2004. 
Legend as fig. I. 
Fig. VIII: Spatial distribution of Amara similata at BBCH 87/83 in 2004. 
Legend as fig. I. 
Fig. IX: Spatial distribution of the Linyphiidae at BBCH 87/83 in 2004. 
Legend as fig. I. 
Fig. X: Spatial distribution of Meligethes spp. larvae in the total time of the experiment 
(BBCH 65-97) in 2004. 
Legend as fig. I. 
Fig. XI: Spatial distribution of Harpalus rufipes in the total time of the experiment (BBCH 
65-97) in 2004. 
Legend as fig. I. 
Fig. XII: Spatial distribution of Meligethes spp. larvae in the week of the highest larval 
dropping (BBCH 67-69) in 2004. 
Legend as fig. I. 
Fig. XIII: Spatial distribution of Ceutorhynchus assimilis larvae in the week of the highest 
larval dropping in the ICM-system (BBCH 73-75) in 2004. 
Legend as fig. I. 
Fig. XIV: Spatial distribution of Amara similata at BBCH 73-75 in 2004. 
Legend as fig. I. 
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        Fig. II: Amara similata    Fig. III: Stomis pumicatus 
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        Fig. V: Harpalus rufipes    Fig. VI: Linyphiidae 
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        Fig. VIII: Amara similata    Fig. IX: Linyphiidae 
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Fig. XII: Meligethes spp. larvae 
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Fig. XIV: Amara similata 
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3. Assessment of Staphylinidae larvae from oilseed rape flower 
stands and their role in regulation of pollen beetle  




The pollen beetle (Meligethes spp., especially M. aeneus) is one of the most important pests in 
oilseed rape (Brassica napus L). Adult pollen beetles can damage any of the flowering 
structures during the green to yellow bud stages. A few years ago, Danish oilseed rape 
growers reported that the pyrethroids had lost efficacy for control of the pollen beetle 
(HANSEN, 2003). In France since 1999 the resistance of pollen beetles to the majority of 
pyrethroids becomes apparent (DECOIN et al., 2005). In Sweden signs of emerging resistance 
to pyrethroids were also observed (NILSSON et al., 2003). Against the backdrop of this 
problem other ways to control the pollen beetle populations become more and more 
interesting and important. In Germany large numbers of rove beetle larvae (Coleoptera: 
Staphylinidae) are frequently observed together with pollen beetle larvae in the oilseed rape 
flower stands. A predator-prey-relationship of these two groups is assumed. It is supposed 
that the integrated management of the crop supports the occurrence and the spatio-temporal 
distribution of the Staphylinidae larvae and that the predatory influence of the rove beetle 
larvae on the pests increases in the integrated management systems. For the first time the 
temporal and spatial relationships between rove beetle larvae and Meligethes larvae and 
therefore the possible role of the Staphylinidae larvae in regulation of the pest population 
have been investigated in oilseed rape in Wendhausen from 2002 to 2005. 
 
 
MATERIAL AND METHODS 
 
The quantitative relation of Staphylinidae larvae and pollen beetle (Meligethes spp.) larvae in 
oilseed rape flower stands has been recorded in different oilseed rape management systems 
from 2002 to 2005. An ICMi0- (Integrated Crop Management) system was compared with a 
standardised oilseed rape management (STNie-) system. In 2005, two additional subsystems 
have been investigated: An ICMie-system and a STNii-system (tab. 1 in chapter 1). The 
number of traps has been changed from year to year (fig. 3a-c in chapter 1): In 2002, 20 
funnel traps have been used in each management system, in 2003 and 2004, 21 funnel traps 
have been installed, in 2005, 5 traps have been used. Each trap consisted of a funnel (21 cm 
diameter) fixed onto a plastic bottle. The bottles have been filled with 5% sodium benzoate 
solution and sunk into the soil under the oilseed rape canopy in a small tube. The edges of the 
funnels were about 15 cm above soil level. The traps have been emptied once a week during 
the growing season (BBCH 65-97). The hatching of the new pest generations has been 
monitored with emergence traps (0.25 m² diameter). From 2001 to 2004 ten traps have been 
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used in every management system, in 2005 five emergence traps have been installed in each 
of the four systems. 
Because rove beetles cannot be determined to species level at the larval stage a sample of 
Staphylinidae larvae have been caught alive and kept in the laboratory during pupation and 
hatching. After the emergence they have been determined to species. 
The data were tested for normal distribution with the Kolmogorov-Smirnov test. Because the 
data were not normally distributed, the Mann-Whitney U-test was used to look for significant 
differences between the oilseed rape management systems concerning the occurrence of pest 
and predator larvae. The Spearman test was used to look for significant correlations between 
the phenologies of Meligethes and Staphylinidae larvae. Every week when Meligethes larvae 
have been found was tested both in the ICMi0- and in the STNie-system. 
The spatial relationship between pest larvae and Staphylinidae larvae has been analysed with 






Number of Meligethes spp. larvae and Staphylinidae larvae in the different oilseed rape 
management systems 
 
In 2002, 2004 and 2005 the number of Meligethes larvae was higher in the ICMi0- than in the 
STNie-system. In 2005, the number of Meligethes larvae was also higher in the ICMi0- than in 
the STNii-system. In 2004 and 2005, the differences were significant (U-test: p < 0.05)  
(tab. 1). In 2002, the infestation with pollen beetles was very low in both management 
systems compared to the other years of the investigation. The number of Meligethes larvae 
was twice as high in the ICMi0- than in the STNie-system. In 2004, there were six times as 
many pest larvae in the ICMi0-than in the STNie-system. In 2005, there were nearly twice as 
many Meligethes larvae in the ICMi0- than in the ICMie-system. In the both STN-systems 
there was a tenth of the amount compared to the ICMi0-system. The data from 2003 are 
particularly interesting because there were less pest larvae in the ICMi0-system without any 
insecticide treatments compared to the STNie-system with insecticide treatments. 
In 2002, 2003 and 2004, there were found significantly more Staphylinidae larvae in the 
ICMi0- than in the STNie-system (U-test: p < 0.05) (tab. 2). In 2002, there were seven times as 
many Staphylinidae larvae in the ICMi0- than in the STNie-system, in 2003 eleven times as 
many and in 2004 five times as many. In 2005, most Staphylinidae larvae were found in the 
ICMie-system. The number there was higher by the factor 1.5 than in the ICMi0-system. The 
number of Staphylinidae larvae in the two STN-systems was reduced by the factor 3 (STNie) 
and 2 (STNii) compared to the ICMie-system. There were no significant differences in the 
number of Staphylinidae larvae between the four management systems in 2005 (U-test:  
p > 0.05). 
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Tab. 1: Number of Meligethes spp. larvae per m² caught with funnel traps in the different oilseed rape 
management systems in Wendhausen, 2002-2005. Letters indicate the results from the Mann-Whitney-
U-test. Values within a row followed by the same letter are not significantly for the amount detected  
(p > 0.05). List of abbreviations on pages 186-187. 
 















































Tab. 2: Number of Staphylinidae larvae per m² caught with funnel traps in the different oilseed rape 
management systems in Wendhausen, 2002-2005. Letters indicate the results from the Mann-Whitney-
U-test. Values within a row followed by the same letter are not significantly for the amount detected  
(p > 0.05). List of abbreviations on pages 186-187. 
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Phenology of Meligethes spp. larvae and Staphylinidae larvae and their temporal 
coincidence in the different oilseed rape management systems 
 
In all years more Staphylinidae larvae were found in the ICM-system than in the STN-system 
in the week of the highest larval dropping of Meligethes spp.. There was a higher temporal 
coincidence between the dropping of the pollen beetle and the Staphylinidae larvae in 2002 
(fig. 1a & b) and 2003 (fig. 3 a & b) in the ICMi0- than in the STNie-system. In 2004 (fig. 5 a 
& b), the temporal coincidence between the dropping of pest and predator larvae was weak in 
the ICMi0-system but clearer than in the STNie-system. In 2005 (fig. 7a-d), the temporal 
coincidence between Meligethes larvae and rove beetle larvae was higher in the two ICM-
systems than in the STN-systems. The clearest temporal coincidence was found in the ICMi0-
system. Looking at the single weeks with regard to possible significant differences between 
the different management systems, no significant differences between the ICMi0- and the 
STNie-system could be proved in 2002, 2003 and 2005 for the occurrence of the Meligethes 
larvae (U-test: p> 0.05). In 2004, in the first four weeks of the investigation there were 
significantly more larvae in the ICMi0- than in the STNie-system (U-test: p < 0.001). In all 
years, there were significant differences between the two management systems in the 
phenology of the Staphylinidae larvae in the first weeks of their occurrence. In 2002, in the 
first five weeks of the investigation (BBCH 69-81) there were significantly more 
Staphylinidae larvae in the ICMi0- than in the STNie-system (U-test: p < 0.05) (fig. 2). In 
2003, from BBCH 65 to 79 and from BBCH 85 to 89 there were significantly more 
Staphylinidae larvae in the ICMi0-system (U-test: p < 0.005) (fig. 4). In 2004, from BBCH 69 
to 79 there were found significantly more Staphylinidae in the integrated system (U-test: p < 
0.01) (fig. 6), and in 2005 from BBCH 75 to 81-83 the number of Staphylinidae larvae was 
significantly higher in the ICMi0- than in the STNie-system (U-test: p < 0.01) (fig. 8). 
 





























































































































Fig. 1a & b: Phenology of Meligethes spp. larvae and Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management 








































Fig. 2: Number of Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management and standardised management in 
Wendhausen, 2002. *, **, ***: U-test p < 0.05, < 0.01, < 0.001. Pairs of columns without asterisks are not significantly for the amount detected (p > 0.05). 
List of abbreviations on pages 186-187. 
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Fig. 3a & b: Phenology of Meligethes spp. larvae and Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management 








































Fig. 4: Number of Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management and standardised management in 
Wendhausen, 2003. *, **, ***: U-test p < 0.05, < 0.01, < 0.001. Pairs of columns without asterisks are not significantly for the amount detected (p > 0.05). 
List of abbreviations on pages 186-187. 
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Fig. 5a & b: Phenology of Meligethes spp. larvae and Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management 


















































Fig. 6: Number of Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management and standardised management in 
Wendhausen, 2004. *, **, ***: U-test p < 0.05, < 0.01, < 0.001. Pairs of columns without asterisks are not significantly for the amount detected (p > 0.05). 
List of abbreviations on pages 186-187. 
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Fig. 7a & b: Phenology of Meligethes spp. larvae and Staphylinidae larvae caught with funnel traps in an oilseed rape field with Integrated Crop Management 












































































































































Meligethes larvae STNii Staphylinidae
 
 
Fig. 7c & d: Phenology of Meligethes spp. larvae and Staphylinidae larvae caught with funnel traps in an oilseed rape field with standardised management 
with one insecticide treatment (c) (STNie) and four treatments (d) in Wendhausen, 2005 (STNii). 
ba
dc
List of abbreviations on pages 186-187. 
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Fig. 8: Number of Staphylinidae larvae caught with funnel traps in an oilseed rape field with 
Integrated Crop Management (ICMi0) and standardised management (STNie) in Wendhausen, 2005. *, 
**, ***: U-test p < 0.05, < 0.01, < 0.001. Pairs of columns without asterisks are not significantly for 
the amount detected (p > 0.05). List of abbreviations on pages 186-187. 
 
Correlations between the occurrence of Meligethes spp. larvae and Staphylinidae larvae 
 
The Spearman test was used to look for significant correlations between the phenologies of 
Meligethes and Staphylinidae larvae. There were no significant correlations in 2002, 2003 and 
2005 in the weeks when Meligethes larvae have been found, neither in the ICMi0- nor in the 
STNie-system. In 2004, at BBCH stage 73-75 a significant positive correlation between the 
occurrence of Meligethes and Staphylinidae larvae was found in the ICMi0-system (tab. 3). 
 
Tab. 3: Results of the Spearman test for the results from the ICMi0-system of 2004. Tested was for 
significant correlations between the occurrence of Meligethes spp. larvae and Staphylinidae larvae. In 
the first two weeks there were no results because no Staphylinidae larvae were found in this time.  
List of abbreviations on pages 186-187. 
 
BBCH Correlation Coefficient P 
67 . . 
67-69 . . 
69 -0.147 0.526 
71 0.212 0.356 
73-75 0.62 0.003 
77-79 0.111 0.632 
 
The hatching of the new Meligethes generation in the different oilseed rape management 
systems 
 
The influence of the predator larvae on the pest population can be seen in the share of 
emerged adult pests of the new generation (fig. 9a-d). The number of emerged new adult pests 
per m² was higher in the ICMi0- than in the STNie- system in 2002, 2004 and 2005. There 
were twice as many up to nearly five times as many adult pests in the integrated system 
compared to the standardised management system. In 2003, there emerged twice as many 
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adult pests in the STNie- than in the ICMi0-system. Regarding the share of emerged new adult 
pests of the number of recorded larvae shows that in 2003, 2004 and 2005 in the ICMi0-
system a lower share of adult pests emerged than in the STNie-system. The average share of 
emerged pests was about 6% lower in the ICMi0- than in the STNie-system. In 2005, the share 
of emerged adult pests was the lowest in the both ICM-systems, but in the very intense STNii-
system it was nearly as low as in these two systems. The biggest share of adult pests emerged 





















larvae hatching in OSR
 
 
Fig. 9a: Number of Meligethes larvae (black column) and of emerged adult Meligethes specimens 
(grey column) per m² in an oilseed rape field with Integrated Crop Management (ICM) and with a 
standardised management system (STN) in Wendhausen in 2002. Numbers in percent indicate the 
share of emerged adult pests of the recorded larvae in the particular management system. List of 
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Fig. 9b: Number of Meligethes larvae (black column) and of emerged adult Meligethes specimens 
(grey column) per m² in an oilseed rape field with Integrated Crop Management (ICM) and with a 
standardised management system (STN) in Wendhausen in 2003. Numbers in percent indicate the 
share of emerged adult pests of the recorded larvae in the particular management system. List of 
abbreviations on pages 186-187. 
 
- 124 - 
3. Assessment of Staphylinidae larvae from oilseed rape flower stands and their role in regulation of 



















larvae hatching in OSR
 
 
Fig. 9c: Number of Meligethes larvae (black column) and of emerged adult Meligethes specimens 
(grey column) per m² in an oilseed rape field with Integrated Crop Management (ICM) and with a 
standardised management system (STN) in Wendhausen in 2004. Numbers in percent indicate the 
share of emerged adult pests of the recorded larvae in the particular management system. List of 
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Fig. 9d: Number of Meligethes larvae (black column) and of emerged adult Meligethes specimens 
(grey column) per m² in an oilseed rape field with an Integrated Crop Management without insecticide 
treatments (ICMi0) and with an insecticide treatment with half dose of the agent (ICMie) and with a 
ploughed standardised management system with one insecticide treatment (STNie) and four insecticide 
treatments (STNii) in Wendhausen in 2005. Numbers in percent indicate the share of emerged adult 
pests of the recorded larvae in the particular management system. List of abbreviations on pages 186-
187. 
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Tab. 4: Population dynamics of Meligethes spp. in a winter oilseed rape field with different 
management systems from 2002-2005 in Wendhausen. Shown are the number of pest larvae/m², the 
number of emerged adult pests/m² and the share of emerged adult pests in the oilseed rape. List of 
abbreviations on pages 186-187. 
 





2002 29 7.5 25.86 
2003 151 29.5 19.54 
2004 566 110.8 19.58 
 
ICMi0-system 
2005 212 16.8 7.92 
 ø 239.5 41.2 18.23 
ICMie-system 2005 131 9.6 7.33 
2002 13 2 15.38 
2003 180 56.5 31.39 
2004 98 23.2 23.67 
 
STNie-system 
2005 25 6.4 25.6 
 ø 79 22 24.01 
STNii-system 2005 25 2.4 9.6 
 
Spatial relationship between Meligethes spp. larvae and Staphylinidae larvae 
 
Tab. 5a: Results of the SADIE-analysis for the Meligethes spp. larvae in Wendhausen from 2002-
2004. Index Ia and its associated probability Pa indicate the overall degree of clustering; values of Ia = 
1 indicate randomly arranged counts, Ia > 1 indicate aggregation of counts into clusters. Index νi, is the 
average over all inflows indicating patchiness with its associated probability with departure from 
randomness Pi. Index νj is the average over all inflows indicating presence of clustering into gaps with 
its associated probability of departure from randomness Pj. 
 
 Meligethes spp. larvae 
 Ia Pa νj νi Pj Pi
2002 1.37 0.757 -1.33 1.32 0.1 0.08 
2003 0.97 0.5128 -0.9 1 0.721 0.4275 
2004 2.42 0.0002 -2.37 2.21 <0.01 <0.01 
 
Tab. 5b: Results of the SADIE-analysis for the Staphylinidae larvae in Wendhausen from 2002-2004. 
Legend as table 5a. 
 
 Staphylinidae larvae 
 Ia Pa νj νi Pj Pi
2002 2.54 0.0002 -2.25 2.44 <0.01 <0.01 
2003 2.11 0.0002 -2.04 1.93 <0.01 <0.01 
2004 2.16 0.0002 -1.95 1.9 <0.01 <0.01 
 
The Ia value and its associated probability Pa indicate a strong aggregation of the 
Staphylinidae larvae into clusters in all years of the investigation (tab. 5b). The Staphylinidae 
larvae were strongly aggregated into stable patches and gaps in all years. The clusters were 
always found in the ICM-system, the gaps in the STN-system. For the Meligethes larvae 
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SADIE detected only in 2004 significant evidence of spatial pattern with a cluster in the ICM-
system and a gap in the STN-system (tab. 5b). 
The analysis of the spatial relationship between Staphylinidae larvae and pollen beetle larvae 
(fig. 10a-f) showed a significant (SADIE-analysis: p<0.001) association in 2004, and no 
significant association or dissociation between these two groups in 2002 and 2003 (tab. 6).  
 
Tab. 6: SADIE association indices (X) and the significance of association or dissociation (P) for 
Meligethes spp. larvae and Staphylinidae larvae. X is positive for association and negative for 
dissociation. In significant tests for positive values of X, the null hypothesis is that distributions are 
not associated. For negative values of X, the null hypothesis is that distributions are not dissociated. 
Both tests are 2-tailed. A indicates a significant association. 
 
 X P 
2002 0.173 0.172 
2003 -0.017 0.543 
2004 0.729 < 0.001 A 
 












































Fig. 10a: Spatial distribution of Meligethes spp. larvae in a winter oilseed rape field with Integrated crop Management (ICM-system) and a standardised 
management system (STN-system) in Wendhausen in 2002. Large posted symbols exceed 95% confidence limits for sampling points with more (●, positive 
value) or less (▲, negative value) catches than expected; smaller symbols do not exceed 95% confidence limits. Contours filled with grey and black shading 

















































Fig. 10b: Spatial distribution of Staphylinidae larvae in a winter oilseed rape field with Integrated crop Management (ICM-system) and a standardised 
management system (STN-system) in Wendhausen in 2002. Large posted symbols exceed 95% confidence limits for sampling points with more (●, positive 
value) or less (▲, negative value) catches than expected; smaller symbols do not exceed 95% confidence limits. Contours filled with grey and black shading 
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ICM-system STN-system STN-system ICM-system 
 
Fig. 10c + d: Spatial distribution of Meligethes spp. larvae (c) and of Staphylinidae larvae (d) in a winter oilseed rape field with Integrated crop Management 
(ICM-system) and a standardised management system (STN-system) in Wendhausen in 2003. Large posted symbols exceed 95% confidence limits for 
sampling points with more (●, positive value) or less (▲, negative value) catches than expected; smaller symbols do not exceed 95% confidence limits. 
Contours filled with grey and black shading are areas identified by SADIE as gaps and clusters, respectively. Values presented are total counts of caught 
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STN-system ICM-system STN-system ICM-system 
Fig. 10e +f: Spatial distribution of Meligethes spp. larvae (e) and of Staphylinidae larvae (f) in a winter oilseed rape field with Integrated crop Management 
(ICM-system) and a standardised management system (STN-system) in Wendhausen in 2004. Large posted symbols exceed 95% confidence limits for 
sampling points with more (●, positive value) or less (▲, negative value) catches than expected; smaller symbols do not exceed 95% confidence limits. 
Contours filled with grey and black shading are areas identified by SADIE as gaps and clusters, respectively. Values presented are total counts of caught 
larvae at the sampling point. 
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DISCUSSION 
 
The Staphylinidae larvae found in the funnel traps belonged mainly to the genus Tachyporus. 
Tachyporus hypnorum has been the dominant species of this genus in all years of the 
investigation. T. hypnorum feeds mainly on aphids, Collembola and eggs and larvae of insects 
(mainly Diptera larvae) (COAKER & WILLIAMS, 1963; BASEDOW, 1973; POTTS & 
VICKERMANN, 1974; SUNDERLAND, 1975; VICKERMANN & SUNDERLAND, 1975; ANDERSEN et 
al., 1983; POEHLING et al., 1985). In oilseed rape, Brevicoryne brassicae is the main aphid 
which can be found in considerable numbers. B. brassicae is very mealy and therefore 
presumably a less attractive prey for the Staphylinidae larvae. Possible food in the oilseed 
rape flower stands would be Diptera larvae which also have been found in the funnel traps 
and the Meligethes larvae. On the other side, the analysis of the gut content of T. hypnorum 
showed a high degree of Mycophagy (SUNDERLAND, 1975; JANSSENS & DE CLERQ, 1990; 
DENNIS et al., 1991). Another possible food source for the Staphylinidae larvae could be the 
oilseed rape pollen. Feeding trials in the scope of the MASTER-project showed that adult T. 
hypnorum specimens preferred the larvae of Meligethes significantly compared to the larvae 
of Dasineura brassicae and to larvae of a Pteromalidae species (O. SCHLEIN, oral 
contribution). This is an indication for the predatory potential of the Staphylinidae larvae on 
the Meligethes populations in an oilseed rape field. 
The most important factor influencing both the Meligethes and the Staphylinidae larvae in the 
oilseed rape flower stands in this study are the insecticide treatments in the STNie-system.  
Λ-cyhalothrin compared to primicarb, fenvalerate and endosulfan shows the heaviest lethal 
effects on Staphylinidae (HEIMBACH, 1991). Investigations of the effects of λ-cyhalothrin on 
Carabidae larvae revealed a mortality of the larvae of around 60% and significant sub lethal 
effects on the developmental period and the hatching weight (HEIMBACH, 1998). The 
insecticides have been sprayed during the day when a lower activity of the Staphylinidae 
larvae in the flower stands would have been expected. The Tachyporus species are nocturnal 
on a large scale, both adults and larvae feed on aphids on (cereal) plants during the night 
(VICKERMANN & SUNDERLAND, 1975; PEDERSEN et al., 1990). During the day the 
Staphylinidae show a high activity on the soil surface, especially at midday and in the 
afternoon (KEGEL & ZIMMERMANN, 1993). Nevertheless, Staphylinidae larvae which 
remained in the oilseed rape flower stands possibly have suffered from the insecticide 
treatments. The findings of Staphylinidae larvae in the pitfall traps let assume that the larvae 
show a certain activity on the soil surface and are influenced by the insecticides there even if 
the amount of agent which reaches the soil is lower than in the flower stands. As the adult T. 
hypnorum beetles show a very high flight activity, possibly they are able to avoid intense 
contact with the insecticides by leaving the sprayed areas quickly. So the first sprayings in 
spring could lead to an escape of the Staphylinidae from the treated STNie-system to the 
unsprayed ICMi0-system and a higher rate of egg-laying female rove beetles there. Another 
factor is the missing of food in the sprayed areas of the field. The non-selective insecticides 
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reduce the number of potential food for the Staphylinidae which also can result in a leaving of 
the sprayed management system. The effect of the spraying becomes clear in the delayed 
occurrence of the Staphylinidae larvae in the STNie-system compared to the untreated ICMi0-
system and the resulting weaker temporal coincidences of pest and predator larvae. The 
results from 2005 show that insecticide treatments with half dose of the agent seem not to 
influence the Staphylinidae larvae negatively because their number in the ICMie-system has 
been even higher than in the ICMi0-system. But the Staphylinidae larvae occurred later in the 
treated system and this resulted in a slightly weaker temporal coincidence with the pest larvae. 
As these are results only from one year, further investigations would be necessary for detailed 
and well founded statements. 
The spatial distributions of Meligethes larvae and Staphylinidae larvae have been - like their 
phenologies - determined by the different conditions in the two management systems. The 
avoiding of the more intense STNie-system and the migration to the integrated ICMi0-system 
both of the pest and the predator larvae becomes clear in the SADIE plots. In 2003 and 2004, 
there was a row of sampling points directly on the border between the management systems. 
SADIE detected patches of clusters beginning only from the row behind this border which 
means 12 m behind the treated area. This is a clear indication for the spacious effect of the 
insecticides and seems to confirm the importance of unsprayed buffer zones and field margins 
in treated fields for beneficial insects (HOLLAND et al., 2000). Insecticide effects on the spatial 
distribution of insects may be difficult to interpret or fail to detect the true effect if only small 
areas within a field are monitored or if a species exhibits either low numbers or spatial 
heterogeneity (MEAD-BRIGGS, 1998). Such a distribution has been shown for Carabidae, 
Araneae and Staphylinidae (HENGEVELD, 1979; HOLOPAINEN, 1995; THOMAS et al., 1998; 
HOLLAND et al., 1999). These reasons may explain why large-scale farming system studies 
(HOLLAND et al., 1994) sometimes fail to detect the expected reduction following the 
application of an insecticide with a high toxicity to beneficial species (BÜCHS et al., 1997; 
FRAMPTON, 1998; HOLLAND, 1998). The taxonomic level at which results are analysed is also 
important; no effect may be detected at the family level but individual species may vary 
considerably in their response (BÜCHS et al., 1997). To some extent the above problems have 
been overcome by the comparison with the untreated ICMi0-system which gives an insight in 
a more undisturbed management system. 
Different factors determine the predatory influence of Staphylinidae larvae on Meligethes 
larvae in oilseed rape flower stands. Next to a temporal coincidence between the phenologies 
of pests and predators the number of Staphylinidae and Meligethes larvae or rather the ratio of 
these seem to be very important. In 2003, the number of dropping pollen beetle larvae was 
lower in the ICMi0- than in the STNie-system, although the STNie-system was treated with 
insecticides. In this year the ratio between pests and predators seems to have been favourable 
in the ICMi0-system (1:19), so that the Staphylinidae larvae were even more effective in 
influencing the pest population than the insecticides. In the other years, the ratio between 
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pests and predators was only so favourable in the STNie-system, but no temporal coincidence 
between pests and predators was found. 
The influence of the Staphylinidae larvae on the pest population becomes clear in the 
emergence of the new pollen beetle generation. The lower share of emerged adult Meligethes 
spp. in the ICMi0-system in three of four years seems to be a clear indication of the 
importance of the rove beetle larvae on this pest population. The emergence of the new pest 
generation is also strongly influenced by the epigaeic arthropods on the soil surface. The rove 
beetles and their larvae belong to these predators also and can influence the Meligethes 
population at a second spot in the vegetation layer. The epigaeic predators have been more 
abundant in the ICMi0- than in the STNie-system and have been an important factor 
determining the hatching of the new Meligethes generation. The influence of the 
Staphylinidae larvae in the oilseed rape flower stands on the emergence of the new Meligethes 





The ICM-system has been absolutely favourable for the Staphylinidae larvae. The important 
factor in this management system influencing the rove beetle larvae population compared to 
the STN-system seems to have been the insecticide spraying. The results from the SADIE-
analysis show the avoiding of the more intense STN-system and the migration to the ICM-
system. The Staphylinidae larvae have been important antagonists of the Meligethes larvae in 





The dropping of Staphylinidae larvae and pollen beetle (Meligethes spp., especially M. 
aeneus) larvae in different oilseed rape management systems was investigated in Wendhausen 
from 2002 to 2005. An ICM- (Integrated Crop Management) system without insecticide 
treatments (ICMi0) was compared with a ploughed standardised management system with 
insecticide treatments after economic pest thresholds were exceeded (STNie-system). In 2005, 
two additional subsystems were investigated: An ICMie-system with insecticide treatments 
with the half dose of the agent and a STNii-system with insecticide treatments irrespective of 
pest thresholds. The dropping of pest and predator larvae was recorded with funnel traps 
which have been sunk into the soil under the oilseed rape canopy. The emergence of the new 
pollen beetle generations was monitored with emergence traps (photoeclectors). The spatial 
distribution of rove beetle larvae and Meligethes larvae and the association between these two 
groups was analysed using the computer programme SADIE (Spatial Analysis by Distance 
IndicEs). 
- 133 - 
3. Assessment of Staphylinidae larvae from oilseed rape flower stands and their role in regulation of 
pollen beetle (Meligethes spp.) larvae 
The infestation of the crop with Meligethes larvae was higher in three of four years in the 
ICMi0- than in the STNie-system. In 2005, there were recorded more pest larvae in the 
untreated ICMi0-system than in the two STN-systems and also than in the ICMie-system with 
insecticide sprays with the half dose of the agent. 
In three of four years, there were significantly more Staphylinidae larvae in the untreated 
ICMi0- than in the STNie-system. The temporal coincidence between the dropping of pest and 
predator larvae was clearer in the ICMi0- than in the STNie-system in three of four years. In 
2005, the temporal coincidence between the larval dropping of Meligethes and the 
Staphylinidae was clearer in the two ICM- than in the both STN-systems. 
The Staphylinidae larvae showed in all years of the investigation a distribution with 
significant clusters and gaps. The clusters were always found in the ICMi0-system, the gaps in 
the STNie-system. For the Meligethes larvae, only in one year a significantly patchy 
distribution was found. In this year, the SADIE-analysis revealed a significant association 
between pest and predator larvae. 
The share of emerged adult Meligethes beetles of the new generation was lower in three of 
four years in the ICMi0- than in the STNie-system. The comparison of the four management 
systems revealed similar shares of emerged adult pests in the two ICM-systems and the STNii-
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Spiders are together with carabid beetles and staphylinid beetles the main epigaeic predators 
in oilseed rape and play an important role in the regulation of pests (NYFFELER & BENZ, 1987; 
SUNDERLAND et al., 1987). A wide range of species can occur in arable fields, of which most 
belong to the Linyphiidae and Lycosidae (HARENBERG, 1997). Linyphiidae are the most 
abundant spider taxon in oilseed rape. Spiders of this family are of very small body size and 
construct horizontal webs on the soil surface, spun between soil clumps, crevices or plant 
debris (BÜCHS & ALFORD, 2003). 
Theridion impressum (Araneae: Theridiidae) builds webs in the oilseed rape flower stands or 
amongst the ends of rape pods. Here the spider is able to capture a wide range of insects. The 
web density of linyphiid spiders and T. impressum was monitored in Wendhausen from 2002 
to 2005 in an ICM- (Integrated Crop Management) system and in a standardised oilseed rape 
management (STN-) system. It was assumed that there was a significant difference between 
the management systems regarding the web density both of T. impressum and of the 
Linyphiidae, because the conditions in the ICM-system aimed to support the occurrence of 
epigaeic predators. It was also supposed that the temporal coincidence between the pest larval 
dropping and the web density was higher in the ICM- than in the STN-system. 
 
 
MATERIAL AND METHODS 
 
The webs of T. impressum have been counted in the oilseed rape flower stands from 2002 to 
2005 in the ICMi0-system with reduced tillage and without any insecticide treatments and in 
the ploughed STNie-system with insecticide treatments (pyrethroids, λ-cyhalothrin) after 
economic pest thresholds were exceeded (see chapter 1, tab. 1). In 6 areas of 3 m x 3 m in 
each system the webs have been counted during periods of crop colonization by oilseed rape 
pests and of the hatching of their new generations (BBCH 60-90). The counting has been 
repeated every 14 days. 
The assessment of the horizontal webs of linyphiid spiders has been analysed in the ICM- and 
the STN-system from 2002 to 2005 with two different methods: a) actual assessment and b) 
permanent assessment. For the actual assessment a wire mesh piece of 50 cm x 50 cm with a 
mesh width of 1 cm x 1 cm has been used to monitor the number of linyphiid webs per area 
unit. The number of mesh units filled with webs has been counted every 14 days over the 
growing season (BBCH 65-90) in 16 accidentally chosen areas in each management system. 
For the permanent assessment 10 plastic mesh pieces of 50 cm x 50 cm with a mesh width of 
0.5 cm have been mounted permanently on the bare soil in each management system (fig 1). 
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The number of meshes filled with webs has been counted every 14 days over the growing 




Fig. 1: Plastic mesh piece of 50 cm x 50 cm for the permanent assessment of the web density of 
linyphiid spiders in an oilseed rape field. The mesh width is 0.5 cm x 0.5 cm. 
 
The pest larval dropping was recorded with funnel traps (see chapter 1, fig. 2b), the 
emergence of the new pest generations was monitored with emergence traps (photoeclectors) 
(see chapter 1, fig. 2c). Because the funnel traps are not suitable to monitor the larval 
dropping of the stem miners Ceutorhynchus pallidactylus and C. napi, for these pests there 
are only results for the temporal coincidence between the spiders’ web density and the 
emergence of the new pest generations. 
The data were tested for normal distribution with the Kolmogorov-Smirnov test. Because the 
data were not normally distributed, the Mann-Whitney U-test was used to look for significant 
differences between the oilseed rape management systems concerning the management 
related web density. The Spearman-test was used for testing the data of significant 





The density of webs of Theridion impressum in the different management systems 
 
In 2003 and 2005, there were no significant differences (U-test: p > 0.05) between the two 
management systems concerning the web density of T. impressum neither on a single 
counting date nor in the total time of the experiment (fig. 2b & d). The number of webs was 
higher in the STN- than in the ICM-system in 2003 on the first sampling date, after this the 
same number of webs was found in both management systems on one sampling date, on two 
other sampling dates the number of webs was higher in the ICM- than in the STN-system (fig. 
2b). In 2005, the number of webs was higher in the STN- than in the ICM-system on every 
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sampling date (fig. 2d). In 2002, significantly more webs were found in the ICM-system at 
BBCH 69 (ICM-system) respectively 71 (STN-system) (U-test: p < 0.05) (fig. 2a). In 2004, 
there were significantly more (U-test: p < 0.01) webs of T. impressum in the oilseed rape 
flower stands and on the pods in the ICM-system than in the STN-system on one counting 
date (BBCH 89) and in the total time of the experiment (fig. 2c). Although the differences 
between the systems were not significant in all years a tendency became clear during the four 
years of the experiment. The total number of webs per week and m² in the ICM-system was 
higher in three of four years (2002 to 2004) than the number of webs in the STN-system (tab. 
1). In 2002 and 2004, there were about three times as much webs in the ICM- than in the 
STN-system. In 2005, nearly twice as many webs were found in the STN-system compared to 
the ICM-system. 
 
Tab. 1: Total number of webs of Theridion impressum per m² and per week in winter oilseed rape in 
an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) 
system in Wendhausen, Germany, 2002-2005. 
 
 ICM-system STN-system 
2002 0.24 0.09 
2003 0.37 0.36 
2004 0.63 0.19 
2005 0.13 0.22 
ø 0.34 0.22 
 
Temporal coincidence between the larval dropping and the emergence of  
D. brassicae and the web density of T. impressum 
 
In 2002, there was no temporal coincidence between the web density of T. impressum and the 
larval dropping of D. brassicae. The highest web density was found before the larval 
dropping started (fig. 3a). In case of the emergence of the pod midge the same web density 
was found in both management systems in the week of the strongest hatching of the pests (fig. 
4a). The number of emerged D. brassicae in this week was lower in the ICM- than in the 
STN-system. No webs were found in the ICM-system in the time after this monitoring date. 
The web density was very low in the time of the emergence of D. brassicae in 2002. Only one 
web on 9 m² was found in the week with the highest web density in this year. In 2003, the 
peak of larval dropping was two weeks after the time when the highest web density was 
recorded (fig. 3b). The lowest web density was found in the week of the highest larval 
dropping in both management systems. In the weeks with the highest web density the larval 
dropping of the pod midge was still high compared to the other years of the investigation. 
About 4000 larvae per m² dropped to the soil, this is more than the number of dropped larvae 
in the week of the highest larval dropping in 2002 and 2005. There was a temporal 
coincidence between the emergence of D. brassicae and the web density of T. impressum (fig. 
4b) in 2003. The highest web density was found in the week of the highest emergence in both 
management systems. The web density was higher and the emergence of the pests lower in 
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the ICM- than in the STN-system in this week. In 2004, the highest web density was found in 
the end of the investigation when there was only a slight dropping of the pod midge larvae 
(fig. 3c). In the time of the highest larval dropping only one web per 9 m² was found in the 
ICM-system and 0.5 webs per 9 m² in the STN-system. During the second peak of larval 
dropping the web density was slightly higher in the ICM- than in the STN-system, but the 
number of pest larvae was also clearly higher in the integrated system. In both management 
systems the density of webs of T. impressum increased only after the number of emerged pod 
midges already decreased (fig. 4c). The web density was higher in the ICM- than in the STN-
system during the time of the strongest hatching of the pests, but the number of emerged D. 
brassicae was also clearly higher in the ICM-system. In 2005, the highest web density was 
found between two peaks of the larval dropping in a week with a low number of dropping 
larvae (fig. 3d). In the weeks with the highest larval dropping the web density was very low in 
both management systems. No temporal coincidence could be found between the web density 
and the emergence of D. brassicae (fig. 4d). Both in the ICM- and in the STN-system the 
highest web density was found before the peak of the pest emergence.  
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Fig. 2a-d: Number of webs of Theridion impressum on 9 m² and standard deviation in oilseed rape flower stands and on pods in an Integrated Crop 
Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 
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Fig. 3a-d: Number of webs of Theridion impressum on 9 m² in oilseed rape flower stands and on pods and phenology of the larval dropping of D. brassicae in 
an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 2002 (a), 2003 (b), 
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Fig. 4a-d: Number of webs of Theridion impressum on 9 m² in oilseed rape flower stands and on pods and phenology of the emergence of D. brassicae in an 
Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 2002 (a), 2003 (b), 
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Actual assessment of the web density of linyphiid spiders 
 
The actual assessment of the web density of linyphiid spiders showed no significant 
differences between the two oilseed rape management systems from 2002 to 2004 (U-test: p > 
0.05) (fig. 5a to c). But in all years there were noticeable more webs in the ICM-system than 
in the STN-system (tab. 2). The numbers of covered meshes were between 1.5 and 4.5 times 
higher in the integrated system. In 2002, on four of five sampling dates a higher web density 
was found in the integrated system, in 2003 on three of four and in 2004 on two of three 
sampling dates there were more covered meshes in the ICM- than in the STN-system. In 
2005, the number of filled meshes in the total time of the experiment and on one counting 
date (BBCH 79) was significantly higher in the ICM- than in the STN-system (fig. 5d).  
 
Tab. 2: Number of wire meshes per sampling date covered with linyphiid spiders’ webs in an oilseed 
rape field with Integrated Crop management (ICM) and a standardised oilseed rape management 
system (STN) from 2002-2005. Used were wire mesh pieces with a mesh width of 1 cm x 1 cm. 
 
 ICM-system STN-system 
2002 42.2 25.8 
2003 36.5 15.25 
2004 22.7 15 
2005 46 10.25 
ø 36.9 16.6 
 
Temporal coincidence between the occurrence of the oilseed rape pests and the actual 
assessment of the web density of linyphiid spiders 
 
- D. brassicae: 
 
In 2002, there was a high temporal coincidence between the larval dropping of the pod midge 
and the linyphiid spiders’ web density (fig. 6a). The number of webs increased with the 
increasing number of pest larvae and decreased when the larval dropping diminished. At 
BBCH stage 81-83 both the web density and the number of larvae reached their maximum 
values. The number of Dasineura larvae and the web density was higher in the ICM- than in 
the STN-system until the last sampling date when the number of covered meshes was higher 
in the STN-system. There was also a clear temporal coincidence between the web density and 
the phenology of the emergence of the new pod midge generation (fig. 7a), although the web 
density was very low in the first week of the emergence. Both the number of covered meshes 
and the number of emerged adult pests were higher in the ICM- than in the STN-system. In 
2003, there was a clear temporal coincidence between web density and pest larval dropping in 
the STN-system. In the ICM-system the web density decreased clearly in the weeks with the 
highest larval dropping of D. brassicae (fig. 6b). The highest web density was found in the 
week of the highest emergence of the new pod midge generation in the ICM-system (fig. 7b). 
In the STN-system the web density increased after the highest emergence of the pest and 
reached its maximum when there was only a slight emergence of D. brassicae. In 2004, there 
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was a high web density in the ICM-system in two of three weeks with nearly the same 
number of dropping pest larvae (fig. 6c). In the third week the web density decreased clearly. 
In the STN-system the web density increased with the rising number of D. brassicae larvae. 
The highest web density was found one week after the peak of the emergence of the new pest 
generation in both management systems (fig. 7c). But the web density was high in the week of 
the highest emergence, especially in the ICM-system. In 2005, the web density increased only 
after the highest larval dropping of the pod midge (fig. 6d). No temporal coincidence could be 
found between the web density and the emergence of the new Dasineura generation (fig. 7d). 
 
- Meligethes spp.: 
 
In 2004 and 2005, there was no temporal coincidence between the larval dropping of the 
pollen beetle and the density of linyphiid spiders’ webs recorded with the method “actual 
assessment” (fig. 8c and d). In 2004, the number of covered meshes rose in the STN-system 
only after the larval dropping already was over. There was no dropping of Meligethes spp. in 
the ICM-system in 2004. In 2005, the pest larval dropping was very low in the STN-system in 
the total time of the experiment. In the ICM-system the highest number of covered meshes 
was found two weeks after the peak of the larval dropping. In 2002, the highest web density 
in the STN-system was found in the week of the highest larval dropping. In the ICM-system, 
the web density was also high in the week with the peak of the larval dropping, but the 
highest web density was recorded four weeks later in this management system (fig. 8a). In 
2003, there was no temporal coincidence between web density and the dropping of the 
Meligethes larvae in the STN-system (fig. 8b). The number of covered meshes increased with 
decreasing numbers of dropping pest larvae. A high temporal coincidence in the ICM-system 
could be found in this year. The web density was high in the beginning of the experiment 
when the larval dropping of the pollen beetle was very strong. 
For the emergence of the new adult pests a high temporal coincidence with the web density of 
linyphiid spiders was found in 2002 and in 2004 in the ICM-system (fig. 9a and c) and in 
2003 in the STN-system (fig. 9b). In the other management system in these years there was no 
temporal coincidence between the number of covered meshes and the emergence of the pollen 
beetle. In 2005, no temporal coincidence between web density and the emergence of the new 
Meligethes generation could be found neither in the ICM- nor in the STN-system (fig. 9d). 
 
- C. assimilis, C. pallidactylus und C. napi: 
 
There was a clear temporal coincidence between the larval dropping of Ceutorhynchus 
assimilis and the density of linyphiid spiders’ webs in 2002 in the ICM-system (fig. 10a). The 
number of covered meshes increased with the increasing number of dropping larvae. Both the 
web density and the number of pest larvae reached their maxima in the same week. In the 
STN-system there were no covered meshes in the week of the highest larval dropping. The 
highest web density in the STN-system was found in the week when the larval dropping 
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started, when the number of pest larvae decreased there were found again some webs. In 
2003, there was a strong temporal coincidence between the web density and the number of 
dropping C. assimilis larvae in both management systems (fig. 10b), although there were two 
weeks between the peaks of the larval dropping in the ICM- and the STN-system. In the ICM-
system in 2004, there was also a clear temporal coincidence between web density and larval 
dropping of C. assimilis (fig. 10c). There was a quite high web density in the time of the 
highest larval dropping in the STN-system in 2004, but the highest web density was found 
after the peak of the dropping. In 2005, no temporal coincidence could be found between the 
number of covered meshes and the larval dropping of C. assimilis (fig. 10d).  
In 2002 and 2003, no temporal coincidence between the emergence of C. assimilis and the 
web density of linyphiid spiders could be found. In 2002, the highest web density was found 
in both management system in the week with no emerged adult pests (fig. 11a). In the weeks 
with a high pests’ emergence the number of covered meshes was very low. In 2003, in the 
ICM-system the highest web density was found before the emergence of C. assimilis had even 
started (fig. 11b). In the STN-system the highest number of covered meshes was found in the 
week when the emergence of the adult pests started, in the week with the highest hatching the 
lowest web density was found. In 2004, in the ICM-system the number of covered meshes 
decreased with the increasing number of emerged pests (fig. 11c). In the STN-system there 
was a low hatching of C. assimilis, but the highest web density was found in the week with 
the highest pest emergence. In 2005, there was no hatching of C. assimilis in the two 
management systems. 
There was a clear temporal coincidence between the web density of linyphiid spiders and the 
emergence of C. pallidactylus in 2004 in both management systems (fig. 12c) and in 2002 in 
the ICM-system (fig. 12a). In 2003, the lowest number of covered meshes was found in the 
week with the highest emergence of C. pallidactylus in both management systems (fig. 12b). 
The highest web density was found both in the ICM- and the STN-system when the pest 
emergence just started. In 2005, in the ICM-system no webs were found in the weeks with a 
strong emergence of C. pallidactylus (fig. 12d). In the STN-system the web density was very 
low after the hatching of the pest had started in this management system. 
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Fig 5a-d: Number of 1 cm x 1 cm meshes covered with linyphiid spiders’ webs in an oilseed rape field with an Integrated Crop Management- (ICM-) system 
and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). *, **, ***: U-test p < 
0.05, p < 0.01, p < 0.001. Pairs of columns without asterisks are not significantly for the amount detected (p > 0.05). 
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Fig. 6a-d: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the larval dropping of D. brassicae in an oilseed 
rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 
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Fig. 7a-d: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the emergence of D. brassicae in an oilseed rape 
field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 2002 
(a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 8a-d: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the larval dropping of Meligethes spp. in an 
oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 9a-d: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the emergence of Meligethes spp. in an oilseed 
rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 
2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 10a-d: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the larval dropping of Ceutorhynchus assimilis 
in an oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 11a-c: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the emergence of Ceutorhynchus assimilis in an 
oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b) and 2004 (c). 
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Fig. 12a-d: Web density of linyphiid spiders recorded with the method “actual assessment” and phenology of the emergence of Ceutorhynchus pallidactylus in 
an oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
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Permanent assessment of the web density of linyphiid spiders 
 
In 2002 and 2004, the total number of meshes covered with linyphiid spiders’ webs monitored 
with the method “permanent assessment” was higher in the ICM- than in the STN-system 
(tab. 3). In 2003 and 2005, there was a higher web density in the STN-system. In 2005, very 
high numbers of meshes filled with webs were found in both management systems, in 2003, 
the lowest numbers were found. The permanent assessment of the density of linyphiid 
spiders’ webs showed no significant differences between the two management systems in 
2003 and 2004 (fig. 13b & c). In 2002 (fig. 13a), there were at a single counting date (BBCH 
69/71) significantly more webs in the ICM-system (U-test: p < 0.05); the total number of 
counted webs was higher in the ICM- than in the STN-system, but the difference was not 
significant. In 2005 (fig. 13d), at BBCH 65-67 the number of webs was significantly higher in 
the ICM- than in the STN-system, at BBCH 89 the number of webs was significantly higher 
in the STN-system than in the ICM-system. The number of covered meshes fluctuated very 
much in the different years of the investigation. The maximum values in a year lay between 
152 covered meshes in the STN-system in 2003 and 2188 covered meshes in the STN-system 
in 2005. 
 
Tab. 3: Number of wire meshes per sampling date covered with linyphiid spiders’ webs in an oilseed 
rape field with Integrated Crop management (ICM) and a standardised oilseed rape management 
system (STN) from 2002-2005. Used were plastic mesh pieces with a mesh width of 0.5 cm x 0.5 cm 
which were permanently installed in the field. 
 
 ICM-system STN-system 
2002 251.2 239.6 
2003 5.8 34 
2004 115.5 48.5 
2005 572.4 1017.6 
ø 236.2 334.9 
 
Temporal coincidence between the occurrence of the oilseed rape pests and the 
permanent assessment of the web density of linyphiid spiders 
 
- D. brassicae: 
 
There was no temporal coincidence between the density of linyphiid spiders’ webs and the 
larval dropping of D. brassicae in 2002, neither in the ICM- nor in the STN-system (fig. 14a). 
During the week with the highest larvae numbers nearly no webs were found in both 
management systems. In the weeks with a high web density the larval dropping was weak. In 
2003, no temporal coincidence could be found in the ICM-system (fig. 14b). In the STN-
system during the peaks of the larval dropping the number of filled meshes was very low, but 
at BBCH stage 81-83 the highest web density was found and the number of dropping larvae 
was also quite high. In 2004, the highest number of covered meshes was found in the week 
with the second highest number of dropping pod midge larvae (fig. 14c). During the week of 
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the highest larval dropping the web density was very low. In 2005, the highest web densities 
were found in both management systems after the peak of larval dropping, but the web 
density was quite high (especially in comparison to the other year of the investigation) during 
the week with the highest larvae numbers (fig. 14d). 
There was a clear temporal coincidence between the emergence of D. brassicae and the web 
density of the linyphiid spiders in 2002 in both management systems (fig. 15a). The highest 
web density was found in the week with the highest emergence, after this sampling date 
nearly no webs were found. In 2003, the highest web density was also found in the week with 
the highest pest emergence in both management systems, but the number of covered meshes 
was very low in the ICM-system during the total time of the experiment and also in this week 
(fig. 15b). In the STN-system the emergence of the pod midge was much higher than in the 
ICM-system, but there was also a much higher web density in the week of the highest pest 
emergence. After this week both the number of covered meshes and the number of emerged 
pests tended against zero. In 2004, there was no temporal coincidence between the web 
density and the emergence of D. brassicae (fig. 15c). The highest number of filled meshes 
was found after the peak of the pest emergence. In the week with the highest web density 
nearly no pests emerged in both management systems. In 2005, the number of covered 
meshes was very high in the week with the highest hatching of the pod midge, in the STN-
system it remained high when the pest emergence was over (fig. 15d). 
 
- Meligethes spp.: 
 
In 2002, during the week of the highest larval dropping of the pollen beetle the second highest 
web density was found in both management systems (fig. 16a). The highest number of 
covered meshes was monitored when the larval dropping already was over. In case of the 
emergence of the adult pests the highest web density was found in the week of the highest 
hatching in the ICM-system (17a). After this sampling date, no webs were found. There was 
no emergence of Meligethes spp. in the STN-system in 2002. There was no temporal 
coincidence between the larval dropping of the pollen beetle and the web density of the 
linyphiid spiders in 2003 (fig. 16b). Only few webs were found in the ICM-system during the 
week with the highest larval dropping, the highest number of covered meshes was found in 
both management systems when the dropping of the pest larvae was over. The same results 
were found in 2004 (fig. 16c) and in 2005 (fig. 16d), although the number of covered meshes 
was a bit higher in the week of the highest larval dropping in 2004 and clearly higher in 2005 
than in 2003. In 2003, the highest web density in both management systems was found in the 
week of the highest emergence of Meligethes spp. (fig. 17b), but the number of filled meshes 
was very low in the ICM-system in this week. In 2004, there was no temporal coincidence 
between the hatching of the pollen beetle and the web density of the Linyphiidae (fig. 17c). In 
both management systems the web density was very low in the week of the highest pest 
emergence and reached its maximum when there was only a slight emergence of the adult 
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Meligethes beetles. In 2005, both in the ICM- and the STN-system the highest number of 
covered meshes was recorded in the week of the highest pest hatching (fig. 17d), although 
there were two weeks between the peaks of the emergence in the two management systems. 
 
- C. assimilis, C. pallidactylus und C. napi: 
 
There was a clear temporal coincidence between the web density of the linyphiid spiders and 
the dropping of the C. assimilis larvae in 2002 both in the ICM- and in the STN-system (fig. 
18a). The number of filled meshes increased with the increasing number of dropping larvae. 
After the peak of the larval dropping no more webs were found. In 2003, the highest web 
density was monitored in the week with the highest larval dropping of C. assimilis (fig. 18b). 
But the web density in this week was very low in the ICM-system, where more pest larvae 
dropped to the soil than in the STN-system. In 2004, in the STN-system the number of filled 
meshes increased with the increasing number of dropping larvae of C. assimilis (fig. 18c). 
After the peak of the pest larval dropping no more webs were found in this management 
system. In the ICM-system there was a very low web density during the weeks with a high 
dropping of C. assimilis larvae. In the week with the highest web density the number of 
dropping larvae was already quite low. In 2005, the second highest web density was found in 
the in the week with the highest larval dropping of C. assimilis in both management systems, 
although there were two weeks between the peaks of the larval dropping in the two systems 
(fig. 18d). Compared to the STN-system the web density was low in the ICM-system in the 
week with the highest larval dropping. 
There was no temporal coincidence between the emergence of C. assimilis and the density of 
the linyphiid spiders’ webs in 2002 (fig. 19a). In both management systems there were no 
webs found in the week of the highest pest hatching. The same result was found for the 
emergence of C. pallidactylus in the ICM-system (fig. 20a). There was only a very slight 
emergence of this pest in the STN-system without any peaks. Also no temporal coincidence 
was found in 2003 between the emergence of C. assimilis and the web density (fig. 19b). The 
number of filled meshes decreased with the increasing number of emerged pests. In the week 
of the strongest emergence of C. pallidactylus in the ICM-system the highest web density 
compared to the other sampling dates was found but it was very low (fig. 20b). In the STN-
system there was again only a slight hatching of this pest without any peaks. In 2004, there 
was a clear temporal coincidence between the hatching of C. pallidactylus and the web 
density in the ICM-system (fig. 20c). In contrast, no temporal coincidence could be found for 
the emergence of C. assimilis in this year (fig. 19c). In 2005, the highest web density was 
found in the week with the strongest hatching both of C. assimilis (fig. 19d) and of C. 
pallidactylus (fig. 20d) in the STN-system. No C. assimilis emerged in the ICM-system in this 
year. There was no temporal coincidence between the emergence of C. pallidactylus and the 
web density in the ICM-system in 2005. 
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Fig 13a-d: Number of 0.5 cm x 0.5 cm meshes of wire mesh pieces of 50 cm x 50 cm mounted on the bare soil covered with linyphiid spiders’ webs and 
standard deviation in an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany 
in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). *, **, ***: U-test p < 0.05, p < 0.01, p < 0.001. Pairs of columns without asterisks are not significantly for the 
amount detected (p > 0.05). 
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Fig. 14a-d: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the larval dropping of D. brassicae in an 
oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 15a-d: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the emergence of D. brassicae in an oilseed 
rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, Germany in 
2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 16a-d: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the larval dropping of Meligethes spp. in an 
oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 17a-d: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the emergence of Meligethes spp. in an 
oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 18a-d: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the larval dropping of Ceutorhynchus 
assimilis in an oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in 
Wendhausen, Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 19a-c: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the emergence of Ceutorhynchus assimilis 
in an oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in Wendhausen, 
Germany in 2002 (a), 2003 (b), 2004 (c) and 2005 (d). 
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Fig. 20a-c: Web density of linyphiid spiders recorded with the method “permanent assessment” and phenology of the emergence of Ceutorhynchus 
pallidactylus in an oilseed rape field with an Integrated Crop Management- (ICM-) system and a standardised oilseed rape management- (STN-) system in 
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Correlations between the web density and the occurrence of the oilseed rape pests 
 
The results from the Spearman test for correlations between the web density and the pest 
larval dropping respectively the emergence of the new pest generations were very different 
both for the management systems and the two monitoring methods for the web density. Only 
for the larval dropping of Meligethes spp. in the STN-system more than one positive 
significant correlation was found. With both monitoring methods some positive correlations 
between the web density and the emergence of the adult C. assimilis and C. pallidactylus 
beetles were found in the ICM-system. 
 
Tab.4a & b: Results of the Spearman test for significant correlations between the larval dropping of 
the pests respectively the emergence of the new pest generations (D. b. = Dasineura brassicae; Mel. = 
Meligethes spp.; Ceut. larvae = Ceutorhynchus assimilis and C. pallidactylus larvae; C.a. = C. 
assimilis; C. p. = C. pallidactylus; C. n. = C. napi) and the web density of the Linyphiidae recorded 
with the method “actual assessment” in an oilseed rape field with an Integrated Crop Management 
(ICM-) system (a) and a standardised management system (STN) (b) in Wendhausen from 2002-2004. 
Shown are the correlation coefficient and the significance level (*** = p <0.001, ** = p < 0.01, * = p 
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Tab.5: Results of the Spearman test for significant correlations between the larval dropping of the 
pests respectively the emergence of the new pest generations (D. b. = Dasineura brassicae; Mel. = 
Meligethes spp.; C. a. larvae = Ceutorhynchus assimilis larvae; C.a. = C. assimilis; C. p. = C. 
pallidactylus; C. n. = C. napi) and the web density of the Linyphiidae recorded with the method 
“permanent assessment” in an oilseed rape field with an Integrated Crop Management (ICM-) system 
(a) and a standardised management system (STN) (b) in Wendhausen from 2002-2004. Shown are the 
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2002  0.537 
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2003         
2004    0.445 
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2005     0.59 
** 





Although there were only few significant differences between the web densities of Theridion 
impressum in the two oilseed rape management systems, a tendency became clear in the four 
years of the investigation. In two years significantly more webs were found in the ICM-
system at a single sampling date and in one year additionally in the total time of the 
experiment. The total number of webs of T. impressum per week and m² was higher in three 
of four years in the ICM- than in the STN-system. Although the different conditions in the 
two management systems did not result in significant differences between the ICM- and the 
STN-system in every year of the investigation, the ICM-system seems to provide favourable 
conditions for T. impressum. Nevertheless, the web density in total was very low, so the role 
of T. impressum as a factor in reducing the oilseed rape pest populations seems to be doubtful 
regardless of the different management systems. 
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The actual assessment of the web density of linyphiid spiders revealed no significant 
differences between the two oilseed rape management systems in three of four years. In 2005, 
the number of filled meshes in the total time of the experiment and on one sampling date was 
significantly higher in the ICM- than in the STN-system. As for T. impressum a tendency 
became clear in the four years of the investigation: In all years noticeable more webs were 
found in the ICM-system than in the STN-system. The permanent assessment of the density 
of linyphiid spiders’ webs showed higher web densities in two years in the ICM-system and 
in two years in the STN-system. Regarding the total time of the experiments no significant 
differences between the two management systems could be found for this method monitoring 
the web density. In 2002, at a single counting date significantly more webs were found in the 
ICM-than in the STN-system. In 2005, at one sampling date the number of webs was 
significantly higher in the ICM- than in the STN-system, at a second sampling date it was just 
the opposite. Regarding the significantly higher number of Linyphiidae in the ICM-system 
compared to the STN-system, the results from the permanent assessment of the web density 
of linyphiid spiders are quite unexpected. Possibly the spiders found more natural 
opportunities to build their webs in the ICM-system than in the ploughed STN-system 
(ALDERWEIRELDT, 1994; SAMU et al. 1996). Then the artificial structures would have been 
helpful alternatives for the spiders in the STN-system, whereas the plastic mesh pieces would 
stay quite unnoticed in the integrated management system. The different opportunities for 
web-building explain also the higher web densities monitored with the actual assessment, 
even if not many significant differences between the management systems could be detected 
with this method. The density and diversity of spider communities is closely tied to the 
structural complexity of the local environment. Web-building spiders are directly linked to the 
configuration of the vegetation because of specific web attachment requirements (RYPSTRA et 
al., 1999). The two management systems provided very different requirements and this is 
reflected in the different web densities recorded with the actual and the permanent 
assessment. Another reason why differences in the web densities in the two management 
systems were found could be that spiders are more vulnerable to mechanical crop treatment 
than carabid and staphylinid beetles (THORBEK & BILDE, 2004; BLUMBERG & CROSSLEY, 
1982), and especially ploughing seems to be very disturbing for spider populations (HOLLAND 
& REYNOLDS, 2003). Spiders react so sensitive on inversion soil tillage because they are not 
able to dig up themselves when they are buried. Soil cultivation affects survival directly by 
causing physical disruption and indirectly by modifying the habitat and the availability of 
food. Organic matter and its position within the soil profile is regarded as one of the main 
factors controlling the biodiversity of soil fauna. If crop residues are retained near the soil 
surface and thereby building soil organic matter, as with conservation agriculture, then this 
increases the abundance of saprophytic and detritus feeding species (HENDRIX et al., 1986) 
upon which many arthropod groups feed. The different densities of spiders caused by the 
different conditions in the two management systems also influence the web densities and 
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explain the results from the actual and the permanent assessment of the linyphiid spiders’ web 
density. 
Another factor influencing the spider populations in the different management systems is the 
application of insecticides. Linyphiidae are considered good indicators of insecticide impact 
(EVERTS et al., 1989). Pesticides are a potential threat to polyphagous predators, either by 
reducing numbers directly or indirectly by eliminating food resources. Applications made 
when a large proportion of beneficial species are active will be the most damaging. Different 
studies confirm the negative effects of λ-cyhalothrin on the activity density of spiders 
(FREULER et al., 2003; WICK & FREIER, 2000; KRAUSE et al., 1993; WHITE et al., 1990). 
Insecticide treatments do not fundamentally modify the composition of spider species 
(FREULER et al., 2003), but the use of broad-spectrum insecticides like pyrethroids can even 
cause an almost complete suppression of the activity density of web spiders (DINTER & 
POEHLING, 1992). Insecticide treatments with pyrethroids affect mainly the activity density of 
spiders, rather than their survival (COCQUEMPOT et al., 1991). Untreated plots near the treated 
areas provide refuges for the spiders and possible starting points for a repopulation of the 
sprayed areas. The untreated ICM-system in this investigation lay directly next to the sprayed 
STN-system and may have been a refuge for the spiders. In this case a fast repopulation of the 
STN-system would have been possible and this would explain the few or missing significant 
differences between the two management systems. JEPSON & THACKER (1990) and THOMAS 
et al. (1990) concluded that the time for linyphiid populations to recover from insecticide 
spraying depended on the distance to the unsprayed plot boundary. For field applications 
another important factor influencing the outcome is the size of the treated area and the 
potential for reinvasion by individuals from untreated areas (DUFFIELD & AEBISCHER, 1994). 
Reproduction by surviving individuals or emergence from other life stages protected at the 
time of application may also contribute to repopulation. The duration of this effect increases 
with the scale of the treated area and the rate of reinvasion by each species is determined by 
behavioural, ecological and toxicological factors (JEPSON, 1989).  
Sublethal effects of the insecticides on movement and web-building behaviour of the spiders 
lasting several days are important effects of the λ-cyhalothrin which may have severe 
consequences in the field (JAGERS OP AKKERHUIS, 1993). Delay in web-building as shown for 
Erigone atra (DINTER & POEHLING, 1995) agrees with the results of POLESNY (1988), SAMU 
& VOLLRATH (1992) and LENGWILER & BENZ (1994) who found the same phenomenon for 
cross-spiders (Araneidae).  
Pyrethroids sprayed onto adult spiders in webs had stronger effects than pyrethroids sprayed 
onto spiders on the soil surface (DINTER & POEHLING, 1995). This phenomenon may be a 
result of increased uptake of the insecticide because the spiders would be contaminated 
ventrally (e.g. via naturally body orifice) as they hang upside-down in their webs (DINTER & 
POEHLING, 1995). In addition, tarsal contamination via web threads could contribute to the 
effect, since spider webs are known to be efficient collectors of agrochemical spray (SAMU et 
al., 1992). Because T. impressum stays in its webs in the oilseed rape flower stands and the 
- 169 - 
4. Management related web density of web spiders within the vegetation layer  
in different oilseed rape management systems 
pods it seems to be affected twice by the insecticide applications: A greater amount of the 
agent reaches the flower stands of the oilseed rape than the soil surface where the other web 
spiders can be found and the lethal effects of pyrethroids are greater for spiders which stay in 
their webs. PEKÁR (2005) found that T. impressum prefers the higher leaves of sunflowers to 
build its webs. Transferred to oilseed rape this would mean that the spiders of this species are 
especially exposed to the effects of the insecticides on the tops of the plants. 
Spiders, as generalist predators, differ from specialist predators in their mode of action against 
pests. While specialists are potentially effective attacking a few pest species, spiders can act 
against a broader range of prey types, even if prey populations are small (SUNDERLAND & 
SAMU, 2000). Special features of predatory behaviour, such as mortality of non-consumed 
pests in spider webs (SUNDERLAND, 1999), and wasteful killing or partial consumption of prey 
by hunting spiders (SAMU & BIRÓ, 1993), also contribute to the biocontrol potential of 
spiders. Spiders in close proximity to crop plants can also cause pest mortality by the 
accidental effect of their webs. Small pests, such as thrips, midges and aphids, may die by 
being caught in the webs, even when they are ignored by the spider (NENTWIG, 1987). 
Linyphiidae and Theridiidae do not renew their webs daily, and the total web-cover due to 
linyphiids can be over half the area of a field (SUNDERLAND et al., 1986), so these families are 
especially likely to contribute to pest control just by the action of their webs (SUNDERLAND & 
SAMU, 2000). Analyses of the content of webs of T. impressum showed that this species 
seems to be more important as an aphid predator and as a pod midge enemy than as a factor in 
biocontrol of oilseed rape pest beetles (FELSMANN et al., 2006). The comparison of the 
phenology of the larval dropping of Dasineura brassicae and the web density of T. impressum 
turned out that there is no temporal coincidence between these two, independent from the 
different oilseed rape management systems. T. impressum as a predator of the pod midge 
larvae seems to be of low importance. The web densities correlated better with the emergence 
of D. brassicae in both management systems. The higher web densities in the ICM-system 
combined with a lower pest emergence in this management system show the advantages of 
the integrated system. A predatory influence of T. impressum on the new pod midge 
generation seems to be possible regarding the results from this investigation. At least in two 
years a high temporal coincidence between the hatching of the new pod midge generation and 
the web density was found. The actual assessment of the linyphiid spiders’ web density turned 
out temporal coincidences between the web density and the larval dropping of the pod midge 
in three of four years. This would confirm the important role of the Linyphiidae as predators 
of these pest larvae. The higher larval dropping in the ICM-system was accompanied by a 
higher web density during the time of the highest larval dropping compared to the STN-
system. The ICM-system influences the predator-prey-relationship positively, so that a natural 
balancing for the insecticide treatments could take place. The results from the actual and 
permanent assessment indicate that these spiders can be predators of the new pod midge 
generation. Both monitoring methods showed temporal coincidences between the web density 
and the emergence of D. brassicae in three of four years. In the ICM-system in two years a 
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higher web density was found together with a lower number of emerged pests which shows 
again the positive influence of the integrated system on the predator-prey-relationship. 
Both monitoring methods of the web density seem to indicate that the Linyphiidae are not 
important as natural enemies of Meligethes larvae. With the permanent assessment no clear 
temporal coincidences were found, with the actual assessment in one year in each 
management system clear coincidences and one weaker coincidence in the ICM-system were 
discovered. Again, the spiders seem to be more important as regulating factors of the new pest 
generation. With both web density monitoring methods in three of four years temporal 
coincidences between the emergence of the pollen beetle and the web density were found.  
With both monitoring methods a high temporal coincidence between the web density and the 
larval dropping of Ceutorhynchus assimilis could be found. Both the actual and the permanent 
assessment showed coincidences in three of four years in the ICM-system. For the STN-
system temporal coincidences were found in all years with the permanent assessment and in 
one year with the actual assessment. These results indicate a possibly high influence of the 
linyphiid spiders on the pest populations. For regulating the larvae of these pests the ICM-
system seems to be favourable for the Linyphiidae compared to the STN-system. With both 
monitoring method only once a temporal coincidence between the emergence of C. assimilis 
and the web density of the Linyphiidae was found. The predatory influence on the new 
generation of this pest remains doubtful after this investigation. There was a better 
coincidence between the emergence of C. pallidactylus and the web density. In both 
management systems in two years a temporal coincidence was found with the permanent 
assessment. With the actual assessment a temporal coincidence between pest hatching and 
web density was revealed in two years in the ICM-system and in one year in the STN-system. 
For the influence of the Linyphiidae on the adult Ceutorhynchus beetles the different 





The ICM-system influenced the web density both of Theridion impressum and of the 
Linyphiidae positively. There was a higher web density in the integrated systems compared to 
the standardised management system. The higher pest densities in the ICM-system were often 
accompanied by higher web densities in the ICM-system. T. impressum seems to be above all 
a predator of the new Dasineura brassicae generations. The Linyphiidae seem to be predators 
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SUMMARY 
 
The web densities of linyphiid spiders and of Theridion impressum were monitored in 
different oilseed rape management systems in Wendhausen from 2002 to 2005. An integrated 
crop management system (ICM) with minimal tillage and without insecticide treatments was 
compared with a ploughed standardised management system (STN) with insecticide sprays 
after economic pest thresholds were exceeded. The webs of T. impressum in the oilseed rape 
flower stands or on the pods were counted in both management systems in areas of 9 m². The 
web density of the Linyphiidae was determined with two different methods: For the 
permanent assessment, artificial structures (plastic mesh pieces) were mounted permanently 
on the soil. The number of meshes covered with webs were counted every 14 days over the 
growing season. For the actual assessment, a wire mesh piece was used. The number of 
meshes filled with spider webs was counted in accidentally chosen areas in both management 
systems every 14 days. The temporal coincidence between the pest larval dropping 
respectively the emergence of the new pest generations and the web densities has been 
investigated. The larval dropping of Dasineura brassicae, Meligethes spp. and Ceutorhynchus 
assimilis was monitored with funnel traps. The emergence of the new pest generations of D. 
brassicae, Meligethes spp., C. assimilis, C. pallidactylus and C. napi was recorded with 
emergence traps. 
In two of four years the number of webs of T. impressum was higher in the ICM- than in the 
STN-system. In one year the same amount of webs was found in both management systems. 
The comparison of the phenology of the larval dropping of D. brassicae and the web density 
of T. impressum turned out that there is no temporal coincidence between these two, 
independent from the different oilseed rape management systems. The web densities showed a 
higher temporal coincidence with the emergence of D. brassicae in both management 
systems. 
The actual assessment of the linyphiid spiders’ web density turned out temporal coincidences 
between the web density and the larval dropping of D. brassicae in three of four years. Both 
the actual and the permanent assessment revealed temporal coincidences between the web 
density and the emergence of D. brassicae in three of four years. In the ICM-system in two 
years a higher web density was found together with a lower number of emerged pests. 
With both monitoring methods in three of four years temporal coincidences were recorded 
between the emergence of the pollen beetle and the web density. No temporal coincidences 
between the web density and the dropping of the pollen beetle larvae could be found. 
With both monitoring methods a higher temporal coincidence between the web density of the 
Linyphiidae and the larval dropping of C. assimilis could be found in the ICM- compared to 
the STN-system. 
There was a temporal coincidence between the emergence of C. pallidactylus and the 
linyphiids’ web density. In both management systems in two years a temporal coincidence 
was found with the permanent assessment. With the actual assessment a temporal coincidence 
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between pest hatching and web density was revealed in two years in the ICM-system and in 
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Discussion 
 
Oilseed rape is an important arable crop in central and northern Europe. The crop is attacked 
by a wide range of insect pests, which have traditionally been targets for the application of 
insecticides. Nowadays, there is an increasing demand to reduce chemical inputs, especially 
against the backdrop of pest populations developing resistances to the insecticides (HANSEN, 
2003; DECOIN et al., 2005; NILSSON et al., 2003). Although thresholds for chemical control 
are existing for some oilseed rape pests (GARBE et al., 1996), these rarely take account of the 
presence of biocontrol agents in the fields. This leads to an overuse of chemicals, which is 
wasteful and can have detrimental effects on natural enemies of the pests. The conservation 
and improvement of habitats for predators may regulate pest populations by increasing the 
natural level of biocontrol, thereby reducing the need for insecticides (WALTERS et al., 2003).  
Field experiments on the assessment of the predatory capacity of epigaeic arthropods always 
suffer from a range of uncontrollable factors such as weather conditions, soil type and the 
population density of predators and prey. But only field experiments provide reliable data. 
Under field conditions, predators have a wide choice of both animal and plant prey items, so 
that their effect on pest populations can be considerably lower than in laboratory-based 
studies, where predators have always a limited selection of food (BÜCHS, 2003b). The 
predatory influence is strongly influenced by the time period over which epigaeic predators 
can prey upon the pest larvae. If access is only possible after the larval dropping, when the 
larvae have already burrowed into the soil for pupation, mortality resulting from the predators 
is lower than if predators have access during the whole dropping period (GOLTERMANN, 
1994). Predatory efficacy is also influenced by the phenological patterns of crop growth 
stages, pests and predators. In years with a premature development of the oilseed rape and 
therefore an earlier dropping of the pest larvae on the one hand but with a normal 
phenological occurrence of the predators on the other hand the predatory influence will be 
lower than in a year with a delayed pest larval dropping when the predators are already 
abundant in great numbers in the field. A high density of pest larvae and a longer duration of 
the larval dropping are factors which enhance the predatory efficacy of the BCAs (BÜCHS, 
2003).  
Side-effects of pesticides on the epigaeic predators depend on the type of pesticide and on the 
way they are used (ALFORD et al., 2003). The evaluation of these side-effects in field-based 
experiments is much more complicated than in in vitro tests and must take into account the 
application technique (DEWAR et al., 1990), dose and formulation (HEIMBACH & ABEL, 1991; 
WILES & JEPSON, 1995), spatial and temporal factors (JEPSON & THACKER, 1990; DUFFIELD 
& JEPSON, 1994; DUFFIELD et al., 1996) and population dynamics of the predators (JEPSON, 
1989). Side-effects of sprayings depend on the crop density, the crop growth stage and the 
time of application. The filter effect of the crop (RAW, 1989; ÇILGI & JEPSON, 1992; WILES & 
JEPSON, 1995) at later growth stages influences the effects on the epigaeic predators. The 
coincidence between pest and predator phenology and pesticide application determines most 
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of the side-effects (ALFORD et al., 2003). Predators may escape the side-effects, either because 
they migrate to the field after the application or because they are on the soil surface where 
they are protected by the filter effect of the crop. Re-population of a field after an insecticide 
treatment can take considerable time (RZEHAK & BASEDOW, 1982). Several carabid and 
staphylinid species have been shown to recover more slowly after each successive insecticide 
application (BERRAONDO et al., 1998). In the autumn, there is no filter effect of the crop, so 
insecticide applications for example against Psylliodes chrysocephala can have a negative 
effect on the epigaeic predators. The larvae of Staphylinidae are a predator group that has 
been paid little attention to so far. In this study, these predator larvae played an important role 
in regulation of the Meligethes populations and were strongly negatively influenced by the 
use of insecticides in the standardised management systems. Especially the pollen beetles 
have developed resistances to insecticides and natural antagonists should be supported in their 
occurrence. There are two ways to reduce the side-effects of pesticides: To pay attention to 
the phenology of the most important natural enemies (LEHMANN, 1965; ALFORD et al., 1994, 
1995, 1996; MURCHIE et al., 1997) and to use an application technique that is as selective as 
possible (ALFORD et al., 2003). In order to maximise the effects of the predators on the pest 
populations in oilseed rape fields, insecticides should be applied only when economic pest 
thresholds are exceeded and when predators are not active in the crop. 
In ICM-systems, minimal soil cultivation is favoured because of a reduction of 
mineralization, an improvement of the physical properties of the top soil, a reduction of soil 
erosion, an introduction of alternative strategies for weed control and an increase in 
populations of beneficial organisms (WALTERS et al., 2003). Soil cultivation affects the 
survival of epigaeic predators directly by causing physical disruption and indirectly by 
modifying the habitat and the availability of food. This study has shown that minimal tillage 
can enhance the occurrence of epigaeic predators, particularly of spiders and ground beetles. 
Ploughing can be as detrimental to spider populations as an insecticide spray (ALFORD et al., 
2003). The timing of tillage is important for its effect on predator populations. Because tillage 
for oilseed rape occurs relatively early in the summer, it has a significant effect on the 
predators such that spring-breeding carabid species can not become established in stable 
populations in the oilseed rape fields (BÜCHS, 1994). Spiders are strongly influenced by soil 
cultivation because they are more vulnerable than carabid or staphylinid beetles (THORBEK & 
BILDE, 2004; BLUMBERG & CROSSLEY, 1982) and because they cannot dig up themselves 
when they are buried. The web density of the spiders was influenced by the different soil 
cultivation techniques in this study, probably because web-building spiders are linked to the 
soil and vegetation structure because of specific web attachment requirements (RYPSTRA et 
al., 1999). Increased activity density of the predators may increase a useful regulatory effect 
on oilseed rape pests that drop to the soil before pupation. Ploughing should be avoided, if 
other post-harvest non-inversion tillage systems, which will enhance the occurrence of 
predators, are possible. 
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On-farm landscape structures can influence the predators’ diversity and the effects on pest 
populations (GÄRTNER, 1980). Different landscape structures result in differences in the 
microclimate; these differences influence the species composition of the predators (BÜCHS, 
2003a). PAUER (1975) showed that in oilseed rape temperatures are lower than in wheat and 
that humidity is higher. In April/May, oilseed rape will start to flower and the plants will 
already cover the soil which causes a relatively high humidity under the rape canopy. Such 
factors will have an influence on species composition, population development and 
phenology. Field margins also have an important effect on the epigaeic predators. A decrease 
in species diversity can be observed with increasing distance from the fields edges especially 
if the fields are adjacent to uncultivated areas (KNAUER & STACHOW, 1987; STACHOW, 1988; 
GOLTERMANN, 1994). According to KLINGER (1987), the occurrence of Lycosidae depends on 
the existence of uncultivated field margins. The field margins provide a different habitat 
compared to the crop, are places for overwintering of arthropods and support additional 
species, some of which may also move into the crop. Such refuges to enhance the predator 
densities should be used in integrated crop management if possible. 
The analysis of spatial dynamics of insect populations is an essential foundation for the 
development of ICM strategies in which insecticide treatments are spatially and temporally 
targeted to conserve biocontrol agents (FERGUSON et al., 1999). The interpretation of spatio-
temporal distributions of pests and predators is rather difficult because of some 
methodological problems that cannot be avoided: a high activity density of predators may be 
caused by a lack of prey and not by a great abundance of pest larvae; a significant association 
between pests and predators gives no direct evidence of a predator-prey relationship; with 
pitfall traps the predators which might prey upon the pest larvae are removed from the field 
(BÜCHS, 2003b). Hints for an at least possible predator-prey relationship in the field give the 
laboratory feeding trials of the MASTER-project, even if it is doubtful to which extent the 
results can be transferred to the field. With the SADIE-analysis areas in the field with high 
pest and predator densities can be found, so that a high predator density caused by a lack of 
prey can be detected. Determination of spatial distributions of insects for targeting 
insecticides is not a feasible proposition for the grower presently and therefore temporal 
targeting of insecticide treatments must remain the prime strategy for protecting BCAs. But in 
the future advances in our knowledge of the factors determining the spatial dynamics of pests 
and predators may lead to the development of pest management strategies incorporating 
spatially targeted insecticide applications. ICM strategies that maximise the complementary 
influences of insecticides and epigaeic predators on pest control and avoid negative 
interactions between these two agents must be developed to realise the potential of the 
predators as biocontrol agents of the pests. 
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Conclusions 
 
The infestation with oilseed rape pests can be reduced and the yield levels can be raised with 
the standardised crop management used in this study. 
The integrated crop management had a positive influence on the activity density of the 
epigaeic predators, especially of Carabidae and Araneae, and the temporal coincidence with 
the pest larval dropping. The predators were negatively influenced both by the use of 
insecticides and by the ploughing in the standardised crop management. Predatory arthropods 
are useful biocontrol agents in oilseed rape. Their effects can be increased by enhancement of 
the key predator species. The remarkable effect of the predators on the pest populations 
became clear during the MASTER-project, they are effective antagonists of the pests if they 
are supported or at least not disturbed in their occurrence. This aim can be reached with a 
renunciation of ploughing and a reduction of insecticide spraying or at least with insecticide 
treatments at times where only few damage is done to the predator populations. 
The share of emerged adult pests of the new generation was higher in the ICMi0- than in the 
STNie-system. This effect continues in the following crop winter wheat, the share of emerged 
adult pests was lower in the last year’s ICMi0-system compared to the STNie-system. These 
results are a clear indication for the influence of the epigaeic predators on the pest 
populations. 
An important predator group in oilseed rape fields are larvae of Staphylinidae. They play an 
important role in regulation of the Meligethes spp. larvae in the oilseed rape flower stands. The 
integrated crop management is absolutely useful for Staphylinidae larvae and the temporal 
coincidence in the occurrence of pests and predators was always clearer in the ICM- than in the 
STN-system. Very probably the insecticide treatments in the STN-system are the most 
important factor in negatively influencing the Staphylinidae larvae. A renunciation of 
insecticide treatments would allow the Staphylinidae larvae to occur in a greater amount and to 
act as BCAs of the Meligethes spp. larvae. 
The two different oilseed rape management systems had a certain influence on the web density 
of Theridion impressum, but no significant differences could be found during the MASTER-
project. T. impressum seems to be more important as a pod midge enemy than as a factor in 
biocontrol of oilseed rape pest beetles. Beneficial insects could be found in considerable 
numbers in the webs, often exceeding the predation rates on pest beetle species distinctly. 
Therefore, the importance of T. impressum as a biocontrol agent in oilseed rape seems to be 
controversial. 
The higher number of webs of Linyphiid spiders in the ICM-system compared to the STN-
system in all years is a clear indication for a positive influence of this oilseed rape management 
system on the spiders’ population. The method of the permanent assessment seems not to be 
suitable to illustrate what is going on in the oilseed rape field concerning the occurrence of web 
spiders. 
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Summary 
 
From 2002 to 2005, the experiments of the EU-project MASTER (MAnagement STrategies 
of European oilseed Rape pests) regarding the influence of different oilseed rape management 
systems on the occurrence of insect pests and epigaeic predators in Germany were carried out 
in Wendhausen. Two Integrated Crop Management (ICM) systems without insecticide 
treatments (ICMi0) and with sprayings (ICMie) and two standardised management systems 
(STN) with insecticide treatments after economic pest thresholds were exceeded (STNie) and 
irrespective of pest thresholds (STNii) have been investigated with regard to the infestation of 
the crop with the insect pests Psylliodes chrysocephala, Dasineura brassicae, Meligethes 
spp., Ceutorhynchus assimilis, C. pallidactylus and C. napi, the activity density of epigaeic 
predators (Carabidae, Staphylinidae and Araneae) and the spatio-temporal relationships 
between pest larval dropping and predators. The larval dropping has been monitored with 
funnel traps, the activity density of the epigaeic predators has been recorded with pitfall traps. 
The emergence of new pest generations in the different oilseed rape management systems has 
been monitored with emergence traps (photoeclectors). In the year after the cultivation of the 
oilseed rape, when winter wheat was sown, the emergence of new pest generations and the 
hatching of the predators has been monitored with emergence traps. For the analysis of the 
spatial patterns of insect distribution the computer programme SADIE (Spatial Analysis by 
Distance IndicEs) has been used. 
The average numbers of pest larvae recorded with funnel traps was clearly lower in the STNie- 
than in the ICMi0-system. The investigation of the four management systems revealed 
decreasing numbers of larvae of C. assimilis and Meligethes spp. with increasing management 
intensity. The activity density of the epigaeic predators was clearly higher in the ICMi0- than 
in the STNie-system in all years of the investigation. Especially the activity density of the 
spiders and carabids was significantly influenced by the different management systems. The 
temporal coincidence between pest larval dropping and activity density of the predators was 
higher in the ICMi0- than in the STNie-system. During peak larval drop, there was a higher 
activity density in the untreated management system compared to the standardised 
management system. The hatching of the epigaeic predators in the following year’s winter 
wheat was lower in the last year’s ICMi0- than in the STNie-system. 
Predator species which showed a temporal coincidence in their activity density with the pest 
larval dropping as well as a significant association with the pest larvae in their spatial 
distribution have been regarded as possible key predators. The analysis of the spatio-temporal 
relationships between the larval dropping and the appearance of the epigaeic predators 
revealed Amara similata, Harpalus rufipes and Stomis pumicatus as well as the Linyphiidae 
as possible antagonists of D. brassicae. H. affinis, H. rufipes, Anchomenus dorsalis and 
Poecilus cupreus showed a high temporal coincidence in their activity density with the larval 
dropping of the pollen beetle together with a significant association between their spatial 
distribution and the patterns of distribution of the pest larvae. These species have to be 
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regarded as possible key predators of this pest. For the pest C. assimilis the carabid A. 
similata was found as a possible antagonist in this study. 
During the experiments of the MASTER-project, a high dropping of Staphylinidae larvae 
from the oilseed rape canopy has been recorded. These larvae are possible antagonists of the 
pollen beetle larvae in the oilseed rape flower stands. The number of pest larvae was higher in 
the ICMi0- than in the STNie-system in three of four years. In all years of the investigation, the 
number of Staphylinidae larvae was clearly higher in the ICM-systems than in the STN-
systems in the total time and also in the week of the highest larval dropping of Meligethes. In 
three of four years the temporal coincidence between the dropping of the pollen beetle and 
Staphylinidae larvae was clearer in the ICMi0- than in the STNie-system. The share of 
emerged pollen beetles of the new generation was lower in three of four years in the ICMi0- 
than in the STNie-system. The SADIE-analysis revealed a significant association between pest 
and predator larvae in one year. 
The webs of Theridion impressum (Araneae: Theridiidae) have been counted in the ICMi0- 
and the STNie-system. In three of four years, a higher number of webs was found in the 
ICMi0-system. In one year a temporal coincidence between the web density of T. impressum 
and the larval dropping of D. brassicae was monitored in both management systems. 
The actual assessment of the linyphiids’ web density revealed a higher web density in the 
ICMi0- than in the STNie-system. With the permanent assessment of the linyphiid spiders’ 
web density a higher density was recorded in two years in the ICMi0-system and in two years 
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Growth stages and BBCH-identification keys of oilseed rape 
 
WEBER & BLEIHOLDER, 1990; LANCASHIRE et al., 1991 
 
The growth stages during which this study was carried out are described in detail. 
 
Principal growth stage 0: Germination 
Principal growth stage 1: Leaf development 
Principal growth stage 2: Formation of side shoots 
Principal growth stage 3: Stem elongation 
Principal growth stage 5: Inflorescence emergence 
Principal growth stage 6: Flowering 
 Code   Description 
60 First Flowers open 
61 10% of flowers on main raceme open, main raceme elongating 
62 20% of flowers on main raceme open 
63 30% of flowers on main raceme open 
64 40% of flowers on main raceme open 
65 Full Flowering: 50% of flowers on main raceme open, older 
petals falling 
67   Flowering declining: majority of petals fallen 
69   End of flowering 
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Principal growth stage 7: Development of fruit 
 Code   Description 
71 10% of pods have reached final size 
72 20% of pods have reached final size 
73 30% of pods have reached final size 
74 40% of pods have reached final size 
75 50% of pods have reached final size 
76 60% of pods have reached final size 
77 70% of pods have reached final size 
78 80% of pods have reached final size 
79 Nearly all pods have reached final size 
Principal growth stage 8: Ripening 
80 Beginning of ripening: seed green, filling pod cavity 
81 10% of pods ripe, seeds dark and hard 
82 20% of pods ripe, seeds dark and hard 
83 30% of pods ripe, seeds dark and hard 
84 40% of pods ripe, seeds dark and hard 
85 50% of pods ripe, seeds dark and hard 
86 60% of pods ripe, seeds dark and hard 
87 70% of pods ripe, seeds dark and hard 
88 80% of pods ripe, seeds dark and hard 
89 Fully ripe: nearly all pods ripe, seeds dark and hard 
Principal growth stage 9: Senescence 
97 Plant dead and dry 





Lancashire, P.D.; Bleiholder, H.; Langelüddecke, P.; Stauss, R.; van den Boom, T.; Weber, 
E.; Witzenberger, A. (1991): An uniform decimal code for growth stages of crops and 
weeds. – Annals of Applied Biology 119, 561-601. 
 
Weber, E.; Bleiholder, H. (1990): Erläuterungen zu den BBCH-Dezimal-Codes für die 
Entwicklungsstadien von Mais, Raps, Faba-Bohne, Sonnenblume und Erbse mit 
Abbildungen. – Gesunde Pflanzen 42, 308-321. 
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List of abbreviations 
 
 AMASIM.......................................... Amara similata, carabid species 
 ANCDOR ......................................... Anchomenus dorsalis, carabid species 
 BBCH ............................................... Growth stages of the crop;  
BASF/Bayer/Ciba/Hoechst code 
 BCAs ................................................ Biocontrol agents 
 CARCAN ......................................... Carabus cancellatus, carabid species 
 C. assimilis ....................................... Ceutorhynchus assimilis; cabbage seed weevil 
 C. napi .............................................. Ceutorhynchus napi; rape stem weevil 
 C. pallidactylus................................. Ceutorhynchus pallidactylus; cabbage stem  
weevil 
 D. brassicae ...................................... Dasineura brassicae; brassica pod midge 
 HARAFF .......................................... Harpalus affinis, carabid species 
 HARRUF.......................................... Harpalus rufipes, carabid species 
 Ia........................................................ SADIE index with its associated probability Pa  
which describes the spatial distribution of one 
population 
 ICM .................................................. Integrated Crop Management 
 ICMi0-system .......................................................Management system in this study: Integrated 
Crop Management without insecticide treatments; 
i0 = no insecticides 
 ICMie-system........................................................Management system in this study: Integrated 
Crop Management with insecticide treatments;  
ie = insecticides to economic thresholds 
 MASTER.......................................... MAnagement STrategies for European oilseed 
Rape pests; title of the EU-project of which this 
study was part of 
 NEBBRE .......................................... Nebria brevicollis, carabid species 
 NOTBIG........................................... Notiophilus biguttatus, carabid species 
 νi........................................................ SADIE index with its associated probability Pi 
which describes the degree of clustering of a 
population into patches 
 νj........................................................ SADIE index with its associated probability Pj 
which describes the degree of clustering of a 
population into gaps 
 OSR .................................................. oilseed rape 
 P. chrysocephala .............................. Psylliodes chrysocephala; cabbage stem flea  
beetle 
 PHICOG ........................................... Philonthus cognatus, staphylinid species 
- 186 - 
The spatio-temporal dynamics of epigaeic predators and insect pests 
in different oilseed rape management systems 
 PHISOR............................................ Philonthus sordidus, staphylinid species 
 POECUP........................................... Poecilus cupreus, carabid species 
 PTEMAC.......................................... Pterostichus macer, carabid species 
 PTEMEL .......................................... Pterostichus melanarius, carabid species 
 SADIE .............................................. Spatial Analysis by Distance IndicEs; computer 
programme which was used to determine the 
spatial distributions of pests and predators 
 SD..................................................... standard deviation 
 STN .................................................. standardised oilseed rape management 
 STNie-system .................................... Management system in this study: ploughed  
standardised oilseed rape management with 
insecticide treatments after economic pest 
thresholds were exceeded 
ie = insecticides to economic thresholds 
 STNii-system..................................... Management system in this study: ploughed  
standardised oilseed rape management with 
insecticide treatments irrespective of economic 
pest thresholds 
ii = insecticide intensive 
 STOPUM.......................................... Stomis pumicatus, carabid species 
 TACSIG............................................ Tachinus signatus, staphylinid species 
 TACHYP .......................................... Tachyporus hypnorum, staphylinid species 
 WW .................................................. winter wheat, in this study crop following the  
oilseed rape management systems 
 X ....................................................... (Chi) SADIE association index; values are > 0 for  
associated distributions, < 0 for dissociated 
distributions and around zero for distributions 
positioned at random with respect to one another 
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